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The present invention relates to steroid derivatives, to pharinaceutical compositions containing those com- 
pounds and to methods of their use. 

Ail mammalian cells require cholesterol as a structural component of their cell membranes and for non- 
sterol end products. Cholesterol is also required tor steroid hormone synthesis. The very property, ^one^- 
that makes cholesterol useful in the cell membranes, its insolubflity in water, also makes it potenbaHy letha^. 
When cholesterol accumulates in the wrong place, for example within the waU of an artery, it cannot be read^ 
moblized and its presence leads to the development of an atherosclerotic plaque. Elevated concentrations of 
serum cholesterol associated with tow density lipoproteins have been demonstrated to be a major contnbutng 
factor in the development and progresston of atherosclerosis. 

In mammals, serum lipoprotein is composed of cholesterol together virtlh chdesteryl esters, tnglycendes. 
Phospholipids and apoproteins. Serum or plasma lipoprotein is comprised of several liacttons. The majorfrao- 
fions or classes of plasma lipoproteins are very low density lipoprotein (VLDL).intermediate density lipoprotein 
(IDU low density lipoprotein (LDL). and high density lipoprotein (HDL). These classes differ from one another 
in sto and density in the relative proportions of triglycerides and cholesteryl estere in the core, and in the na- 
lure ofthe apoproteins on the surface. .. ^ j 

In mammals, serum cholesterol Is derived from exogenous dietery sources as well as through endogenous 
svnthesis Endogenous synthesis of cholesterol involves a complex set of enzyme-catalyzed reactions and reg- 
ulatory mechanisms generaUy termed the mevatonate pathway. Cells face a complex problem in f^*^^ 
mevalonate synthesis because cholesterol, the bulk end product of mevalonate metabolism, is deiwed ftom 
plasma low density lipoprotein which enters the cell by receptor-mediated endocytosis, as well as from syn- 
thesis within the ceU. Each cell must batence these external and internal sources so as to sustain mevalonate 
synthesis whae avoiding sterol over accumutetion. This balance is achieved through feedback regulation of at 
least two sequential enzymes in mevalonate synthesis, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
syrthase and HMG-CoAreductase and alsooflJ)Lreceptors.lnthe absence of LDU mammalian ce^lsmaintam 

hiah activities of the two enzymes, thereby synthesizing mevatonate for production of chdestero^ as weU as 
the non-sterol products. When LDL is present, from exogenous sources. HMG-CoA synthase and reductase 
activity is repressed and the cells produce smaller amounts of mevatonate for the non-sterol end products. 

Abundant evidence indicates that treatment of hyperlipoproteinemia will diminish or prevent atheroscler- 
otic complications. In addition to a diet that malnteins a normal body weight and minimizes concentrations of 
lipids in plasma, therapeutic strategies include elimination of factors that exacerbate hyperlipoproteinemia and 
the administration of therapeutic agente that tower plasma concentrations oflipoproteins. either by diminishing 

the production of lipoproteins or by enhancing the eff iciency of their removal from plasma. 

Presently there are no cholesterol towering drugs whfch are known to operate at the level of gene expres- 

*'°"The most promising class of ri ruos currentiv ^^nahiB fnr thf troatniftnt of hvnerchnlPn'itfirQlemia act by i 
hibiting HMG-CoA reductase, the rate-limiting enzyme of endogenous cholesterol synthesis. Drugs of th 
dass competitively inhibit the activity ofthe enzyme. Eventually, this lowers the endogenous synthesis of chol- 
esterol and. by normal homeostetic mechanisms, plasma cholesterol is taken up by LDL receptore to restore 
the intracellular cholesterol balance. . , » i. ^ 

Relative to other cells in the body, liver cells play a critical role in maintaining serum cholesterol homeo- 
stasis by both releasing precursors of LDL and through receptor mediated LDL uptake from the serum. In both 
man and animal models an inverse correlation appeara to exist between liver LDL receptors and LBL associ- 
ated serum cholesterol levels. In general, higher hepatocyte receptor numbere result in lower LDL associated 
serum cholesterol levels. Cholesterol released into hepatocytes can be stored as cholesteryl estere. converted 
into bile acids and released into the bile duct, or enter into an oxycholesterol pod. It is this oxycholesterd pool 
that is believed to be involved in end product repression of both the genes of the LDL receptor and enzymes 
involved In the cholesterol synthetic pathway. 

Transcription ofthe LDL receptor gene is known to be repressed when cells have an exoosssupply of chol- 
esterol probably in the form of oxycholesterol. A DNA sequence in the LDL receptor promoter region, known 
as the 'sterol response element, appears to confer this sterol end product repression. This element has been 
extensively studied (Brown. Goldstein and Russell. U.S. Patent Nos. 4.745.060 and 4.935.363) and appears 
to consist of a 16 base pair sequence that occure 5' of the LDL receptor coding region. The sterol response 
element can be inserted into genes that normally do not respond to cholesterol, conferring sterol end product 
repiosston on the chimeric gene. The exact mechanism of this represston is not understood. There is. however, 
abundant evidence that polar intermediates in cholesterol bfosynthesis and naturally occurring as well as syn- 
thetic hydroxysterols repress genes containing the sterol response element 

It is postulated that the number of LDL receptors synthesized by a cell is regulated by the amount of chol- 
esterol in the ceP. It has been suggested that a hydroxycholesterol binding protein serves as a receptor. When 
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the receptor is bound to an oxysterol it acts on tlie sterol response element to control transcnption tlirough a 
mechanism that is similar to the action of members of the steroid hormone receptor super gene family. Brown 
and Goldstein have disclosed methods for employing the sterol response element in a screen assay for drugs 
eapat)le of slimulatlnfl cells to synthesize LDL receptors (U.S. Patent No. 4.935.363). The present invenbon 
d^crit>es methods and compounds that act to inhibit direcUy or indirectly the end product repression of the 
U)L receptor gene by interfering with the interaction of hydroxychdesterol receptors with Hs nahjral ligands. 
The interference can be either in the form of an antagonist or of a molecule that directty or indirectly lowers 
the concentration or availabHity of ligands involved in end product repression of the LDL receptor. This should 
result in induction of the LDL receptor on the surface of liver cells, facilitating LDL uptalce. bile acid synthesis 
and secretion to remove cholesterol metabolites and the lowering of LDL associated serum cholesterol levels. 
It vrould be most desirable ifthe synthesis of LDL receptore could be upregulatedalthe chromosomal leveL 

The upregulation of LDL receptor synthesis at the chromosomal level offere the promise <rf resetting the level 
of serum cholesterol at a lower, and clinically more desirable, level. 

Accofdingly, it is one object of the present invention to provide compounds which directly or indirecUy up- 
regulate LDL receptor synthesis at the chromosomal level and are useful in the treatment of hyperchdester- 

Aftirther object of the present invention is to provide therapeutic compositions for treating said condition. 
StQI further objects are to provide methods for upregulating LDL receptor synthesis, for lowering serum 
LDL cholesterol levels, and for mhiblting atherosdeiosls. 

Other objects, features and advantages wHI become apparent to those sklled in the art from the following 

description and daims. 

The present invention provides novel steroid derivatives which upregulate LDL receptor gene expression. 
More particularly, this invention relates to compounds having the formula (I) and pharmaceutically accept- 
able salts thereof. 
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wherein the groups R\ R« ,X^. R«. R». X\ R^ and R^ are as hereinafter defined. 

This invention also provides pharmaceutical compositions which comprise a compound of Formula (1) in 
association with a pharmaceutically acceptable carrier, diluent, or exciplent 

This invention Is also a multi-mode pharmaceutical composition comprising a compound of formula (I) to-/! 
aether with other cholesterol control agents. . ^ jL 

This invention is also an improved4«eHi«HjfT«ntrolling cholesterol in a mammal by administering bo^ 
the compounds of this invention and other cholesterol control agents. 

A further embodiment of the present invention Is a method for upregulating LDL receptor gene expression 
in mammals. 

A further embodiment Is a method for treating hypercholesterolemia in mammals. 
A further embodiment is a method of inhibiting atherosclerosis. 

These methods comprise administering to a mamma! In need of LDL receptor upregulation. reduced serum 
LDL cholesterol levels, or atherosclerosis inhibition, an LDL receptor gene expression upregulating dose, a ser- 
um cholesterol lowering dose, or an atherosclerosis inhibiting dose, of a compound of Formula (I). 

The term "alkyl" by itself or as part of another substituent means, unless otherwise stated, a straight or 
branched chain hydrocartwn radical having the stated number of cart>on atoms and includes straight or branch 
chain groups such as methyl, ethyl, n-propyl. isopropyl. n-butyl. t-butyl. Isobutyl. seo-butyl. and where indh 
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cated. higher homologs and isomers such as n-pentyi, n-hexyl, 2-melhyipentyl. 1.5-dimethylhexy!. 1-methyl- 
4-isopropyl hexyl and the like. A divalent radical derived from an alkane Is exemplified by -CHjCHaCHaCHr. 
Adivalent radical derived from an alkene is exemplified by -CH=CH-CHr. The term -amino- means a group 
.NH2 The term, •substituted amino" means an amino group where one or both amino hydrogens are Indepen- 
dently replaced' by a C,-C4 alkyl. CrC4 alkenyl. independently replaced by a CrC4 alkyl. C2-C4 alkenyl, halo, 
C,-C4 alkoxy. -OH. -SH, or -S(Ci-C4 alkyl) group. The term "halo" means chloio. bromo. f luoro or kxJo. The 
term "mercapto" means a group -SH. The term "acetamido' means a group CH3C(0)NH-. Tlie term -alkenyl". 
employed alone or in combinatfon with other terms, means a straight chain or branched monounsahirated hy^ 
drocarbon group having the stated number of cartwn atones, such vinyl, propenyl (allyl). crotyl, isopenlenyl. 
and the various butenyl isomers, and where Indicated, higher homologs and isomers. The term "cydoalkenyl" 
means an unsubstituted or substituted monovalent monounsaturated cyclic hydrocarbon radfeal having the 
stated number of carbon atoms, including, various isomers of cydopentenyl and cydohexenyl. The substituents 
can be one or two of the same or different substituents selected from halo, hydroxy, cyano, mercapto, -S(Ci- 
C4 alkyl), amino, substituted amino, acelamido, carboxy. trifluoromethyl, C1-C4 alkoxy. (CrC4 aIkoxy)carbonyl 
and aminocarbonyl. The term "cydoalkadienyl" means a monovalent diunsaturated cydic radical having the 
stated number of carbon atoms, induding, the various isomers of cydopentadienyl and cydohexadienyl. 

The dotted lines between the 4.5 and 5.6 positions represent the presence or absence of an additional 
bond; that is. an unsaturatfon. Only one unsaturatfon can be present at any one time. The 5-positk)n hydrogen 
atom'shown in Formula (I) as R« wll. of course, be absent when an unsaturatfon is present 

The phenyl ring forming part of the benzyl group attached to the 4 positfon of the steroid ring is substituted 
in a manner represented by the formula: 




where X is a group selected from hydrogen, hydroxy, -SH, -S(Ci-C4 alkyl). hydroxyalkyl. halo. 
-COOH. ester, alkoxy, acetamido. alkoxyalkyl. alkoxyaryl. and wherein m is 1 to 3. with at least one X para to 
the carbon atom attached to the steroid nudeus. 

Preferably the substitution is by a single X group (where m=1). 

The term "heterocycle" means an unsubstituted or substituted stable 5- or 6-membered monocydic het- 
erocydic ring which consists of carbon atoms and from one to three heteroatoms selected from the group con- 
sisting of N, O. S. and wherein the nitrogen and sulfur heteroatoms may optionally be oxWized. and the nitrogen 
heteroatorri may optionally be quaternized. The heterocydk: ring may be attached, unless otherwise stated, 
at any heteroatom or carbon atom whteh affords a stable structure. The heterocyde is unsubstituted or sub- 
stituted with 1 or 2 substituents independentiy selected from halo. -OH. -SH. -S(CrC4) alkyl). Ci-Cg alkyl. C,- 
Cs alkoxy. carboxy, (C1-C4 alkoxy)carbonyi. amlnocart)onyl. C1-C4 alkylaminocarbonyl. amino, acetamido. Ci- 
C4 alkylarnino. di{CrC4 alkyl)amino or a group -{CH^^-R where q is 1 . 2. 3. or 4 and R is hydroxy, 0,-64 alkoxy. 
carboxy. C1-C4 alkoxycarbonyl. amino. aminocartK>nyl. CrC4 alkylamino or di(Ci-C4aIkyl)amino. Examples of 
such heterocydes indude piperidinyl. piperazinyl. 2-oxopiperazinyl, 2-oxopiperklinyl, 2.oxo.pyrrolodinyl. 2.ox- 
oazepinyl. azepinyl. pyrrdyi. 4.piperidonyl, pyrrolidinyl. pyrazolyl. pyrazolkJinyl. imidazolyl. imkJazdinyl. imn 
dazolidinyl, pyridyl, pyrazinyl, pyrimidinyl. pyridazinyi. oxazdyl. oxazdidinyl. isoxazoiyi, isoxazolidinyl, morpho- 
linyl. thiazolyl. thiazolidinyl. isothiazdyl. . isothiazdidinyl, thiadiazolyl. furyl, tetrahydrofuryl. letrahydropyra- 
nyl. 'thienyl. thiamorpholinyl. thiamorpholinylsulfbxide. thiamorpholinylsulfone. oxadiazolyl. and triazdyi. 

' The definition of X2 describes a divalent 0x0 atom or two hydrogen atoms, one hydrogen and one hydroxy 
group, or one hydrogen and one mercapto group a hydrogen and a halo group and two halo groups. 

Most broadly defined the compounds of this invention are compounds having the formula (I) and phar- 
maceutically acceptable salts thereof. 
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Wherein the groups R\ .X^. R«. R^. X^, R^ and R2 are as hereinafter defined. 
Ri is a straight chain CrC4 alky! or C1-C4 halo alkyi; 
R2 is hydrogen, methyl, or halomethyl; 
R3 is hydrogen. 0,-0© alkyl. CrCe haloalkyi, or a group 
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wheiB, R« is hydrogen, halo, CrC4 alkyl. CrC4 haloalkyi, CrC4 alkenyl. or CrC4 haloalkenyl; 
R7 is hydrogen, methyl, halomethyl. or halo; or 

R« and W are combined with the carbon atoms to which they are attached to form a substituted or un- 
substituted Cs-Ce cydoalkenyl, substituted or unsubstituted Cg-Ce cydoalkadienyl. substituted phenyl or un- 
substituted or substituted heterocyclic ring; 

R« is hydrogen, methyl, halomethyl. or halo; 

R* is hydrogen, .CH2CH=C{X*)2. substihjted benzyl.or -(CH2)n-X^ where n = 1 to 6, and X* is indepen- 
dentty hydrogen, -OH, C^Ce alkyl, CrCe haloalkyi. d-Ce alkoxy, Cy-C^ haloalkoxy, substituted or unsubstituted 
phenyl, substituted or unsubstituted phenoxy, substituted or unsubstituted benzyloxy, -SH, -S(CrC4 alkyl). or 
monocyclic heterocyclic ring; 

R5 Is the group 

-A-Z-R^o-X3 



where 



A is a bond, -O, -CHr. -CH(CH3>-, -CHCCHzCHs)-. -CH{halo)-. -C{halo)2-, or 



so 



55 



CH3 
-C — 

I 

OH 



and 



Z is a bond. -0-. -CHr. -CH(CH3)-, -CH(CH2CH3)-. -CH{halo)-. -C(halo)2-. or 
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provided that only one of A and Z are -0-. -CH(CHa)-. -CHmCHa^.-CHChalo).. .CChalo)^., or 



CH3 



-C— 

I 

OH 



^ (1) a diS'ent unsubsBtuted or substituted, branched or unbranched radical derived from a C,-C„ all<ane. 
?[) adivalentunsubsfitutedorsubstituted. branched or unbranched. unsaturated radical derived torn a C,- 

""""JlTtU substituents of (i) and (.1) are one or more of the same or different ^^<^'^';^^ 
acetamido. substituted amino, amino, mercapto. -S(CrC. alkyi). halo, or two adjacent caA^^ 

hA bonded to the same oxygen atom to afford an epoxide; 

T« hyd^en. unrbslituted or substituted phenyl, unsubstituted or substituted phenoxy or unsubst. 
tuted cTsub^Lted benzyloxy. halo, haloalKyl. OH. -SH. -S(C,-Ce -^^'^-S'^^^f^^^^^^ 
C,-C4 alkoxy. -C(0)C,-C4 alkyl. -C(0)(CrC. alkenyl). -CHO. -COOH^ -COO{CrC4 alkyi). -NR R . 
.r/O^NR"R« v^here R" and R« are independently hydrogen or C1-C4 alkyi, 
^ R« fe hrdl^en. pnwided the ste»»kl nucleus is saturated, or R« is absent when the nucleus « unsa- 
turated at the 4.5 or 5.6 positfon; =rt «r/r» r allfo«wteaihonv^ 

X< is hydroxy, acyloxy. amino, acetamklo. substituted amino, mercapto. =0. or (Ci-C* alkoxy)catt)ony 

"^ch is independenay oxygen; hydrogen, hydrogen; hydrogen, hydroxy: hydrogen, mercapto; halo. 

''^'?S^"i,mi^nds1? the present invenBon. as wOl be appreciated by one skflled in the art. possess sev«al 
potential chiraTcarbon atoms. As a consequence of th ese chiral centers, the compounds of »>« J^^"^ "ven- 
40 En occur as racemates. racemic mbctures. indmdual diastereomer. and substanbally pure '^^ ^^ 
n^^forms. individual isomera. and combinations thereof, are within the scope of J^^^^^ 
preferred dass of compounds have the partial sleric oonf iguratfon shown m formula (II) as follows. 
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wherein, the substltuents R\ R* )P. R«. R». and R* and R* are as previously defined, for formula (1) 
and XI is selected from the group consisting of hydroxy, amino, acetamido. substHuled amino, mercapto. ethy- 
lendioxy,and(Ci-C4alkoxy)cart)onyloxy. „ . ^ 

The group R» is preferably a 2-propenyl. 2-butenyl. 2-methyl-2-propenyl or 2-halo-2-propenyl group, where 
halo is preferably fluorine, chlorine or bromine. 

Moreover, the group R6 may have a variety of sleric forms. Preferred forms of R» are those represented 
by the formulae XII. XIII. XIV. and XV set out below: 




xrv 



XV 



where s is the point of attachment of the group to the 17 position of the steroid ring of Formula II. 
A particularly preferred class of compounds of this invention having active substituents at the 4 position 
of the steroid nucleus are the compounds of formula II having the following combinations (1) or (2) of substltu- 
ents: 

(1) R* is hydrogen; and 

R3 is Ci-Ce alkyl. Cr^e haloalkyl. a group 
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Re is hydrogen, halo, C1-C4 alkyl. C1-C4 haloalkyi, QrC* alkenyl. or CrC4 haloalkenyl; 
R7 is hydrogen, methyl, halomethyl, or haio; or 

RB and R7 are combined with the carton atoms to which they are attached to form a substituted or 
unsubstrtuted Cs-C. cydoalkenyl. substituted or unsubstituted Cg-Ce cydoalkadienyl, substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R8 is hydrogen, methyl, hatomethyl, or halo; 

or, 

(2) R* is hydrogen; and 

R3 is a benzyl group represented by the formula: 




where X is a group selected fit>m hydrogen, hydroxy, hydroxyalkyl. halo. -COOH. ester, alkoxy, al- 
koxyalkyl. alkoxyaryl. and wherein m is 1 to 3. with at least one X para to the carbon atom attached to the 

T^!i^t^pre^^^ dass of compounds of this invention having active substltuents at the 2 position 
of the steroid nucleus are the compounds of formula II having the following combinations of substltuents: 
(1) R5 is hydrogen; and 

R* is Ct-Ce alkyl. Ci-Ce haloalkyi, or a group 



X. 



where, R« is hydrogen, halo. CrC4 alkyl, CrC^ haloalkyi. C2-C4 alkenyl. or CrC4 haloalkenyl; 
R7 is hydrogen, methyl, halomethyl, or halo; or 

Re and R7 are combined with the carbon atoms to which they are attached to form a substituted or 
unsubstituted C^Ce cydoalkenyl, substituted or unsubstituted Cs-Ce cydoalkadienyl, substituted phenyl 
or unsubstituted or substihjted heterocydic ring; 

Rfi is hydrogen, methyl, halomethyl. or halo; 

or. 

(2) R3 Is hydrogen; and 

R* is a benzyl group represented by the formula: 
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where X Is a group selected from hydrogen, hydroxy, hydroxyalkyl. hato. -COOH. ester, alkoxy, al- 
koxyalkyl. alkoxyaryl. and wherein m is 1 to 3. with at least one X para to the carton atom attached to the 

steroid nucleus. . ^ ^ ^ ^ . *^ 

Most preferred l)ecause of ease of preparation are steroW compounds with a saturated nng represented 

t>y formula III below: 




wherein; 

Ri is a straight chain Ci-C4 alkyi or C1-C4 halo alkyi; 

R2 Is hydrogen, methyl, or hatomethyl; 

R3 is hydrogen, Ci-Ce alkyi, CrC« haloalkyl. or a group 



where. R« is hydrogen, halo. CrC4 alkyi. CrC4 haloalkyl. CrC4 alkenyl. or Cr C4 haloalkenyl; 
R7 is hydrogen, methyl, halonr^ethyt. or halo; or 

R« and W are combined with the carbon atoms to which they are attached to form a substituted or un- 
substituted CrCe cydoalkenyl. substituted or unsubstituted Cs-Ce cydoalkadienyl. substituted phenyl or un- 
substituted or substituted heterocyclic ring; 

R8 is hydrogen, methyl, halomethyl, or halo; 

RS is the group 

-A-Z-R10-X3 

v^iere 

A is a bond. -0-. -CHj-. -CHCCHj)-. ^HCCHjCH,)-. -CH{hab)-. -C(halo)r. or 
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and 

Z is a bond. -O. -CHr. -CH(CHa)-. -CHCCHjCH,)-. -CH(halo).. .C(halo)r . or 




OH 



provided that only one of A and Z are -CHCCHah -CHCCHjCHa)- -CH(halo)-. -CChaloV, or 




(^10 js 

(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a CrC,2 allcane. 



(ii) a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from a C2- 
C alkene 

where the substituents of (i) and (ii) are one or more of the same or different hydroxy. -CH2N(alkyl)2. 
acetamido. substituted amino, amino, mercapto. .S(Ci-Ce alkyi). halo, or two adjacent carbon atoms may each 
be bonded to the same oxygen atom to afford an epoxide; 

X3 is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or unsubsti- 
tuted or substituted benzyloxy. halo, haloalkyl. OH. -SH. -S(C,-C6 alkyO. -CF3. -CN. C^Ce alkenyl. -OC(F)3. 
Ci^C4 alkoxy. .C(0)Ci.C4 alky!. .C(0){C2-Ce alkenyl) -CHO. -COON. -COO(Ci-C4 alkyI). -NRHR", 
-C{0)NR"R^2 where R" and R« are independently hydrogen or C1-C4 alkyI; 

is hydroxy, acykixy, amino, acetamWo. substituted amino, mercapto. =0, elhylendioxy, or (C1-C4 al- 
koxy) carbonytoxy; 

R13 is hydrogen. 

Illustrative of specific compounds having utility in the preparation of pharmaceutical compositions and 
practicing the methods of this invention are the following: 
[4a(E).5aH-(2-butenyl)choiestan-3a -ol, 
[4a5a}4-('*-P''oP6nyl)cho*®stan-3a -ol , 
I4a(E).5aH-(2-butenyl)-25-hydroxycholestan-3a-ol , 

[4a,5aH-buty1cholestan-3a -d . 
[4a{E),5al-4-(2-butenyl)-3a aminocholestane , 
[4a(E),5aH-(2-butenyl)-3a acetamidocholeslane , 
[4a(E).5a}-4-(2-butenyl)-3b acetamWocholestane 
4a-(4-fluorobenzyl)cholestan-3a-ol . 
4a-(4-bromobenzyl)cholestan-3a-ol. 
4a-(4-lodobenzyi)cholestan-3a-ol, 
4a-(4-trifluoromethylben2yl)cholestan-3a-ol. 
4a-(4-dk;hlorobenzyl)cholestan-3a-ot. 

11 
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4a-(4-cyanobenzyJ)cholestan-3a-ol, 

4a-(4-methoxycart)onylbenzyl)cholestar>-3a-ol, 

4a-(4-trifluoromethoxybenzyl)cholestan-3a-ol, 

4a-(4-chlorobenzyl)cholestaiv3a-ol, 

4a-(4-benzy!oxyt)enzy1)cholestan-3a-ol, 

4a-(4-hydroxymethylben2yl)cholestan-3a-ol, 

4a-(4-carboxybenzyl)cholestan-3a-ol, 

4a*(4-hydroxybenzyl)chole8tan-3a-ol, 

4a-benzyl-4-cho!estan-3a-ol, 

4a<allyt-5-cholestan-3a-ol, 

4a-allyl-cholan-24.N.N-dimethylamino-3a-ol. 

3a, 12a-diMroxy-25-a2acoprostane, 

3a-hydroxy-25-azaooprostane, 

3a, 7a-dihydroxy-25.azacoprostane. 

3a,7a, 12a-trihydroxy-25-azacoprostane, 

3a,7a, 12a-dihydroxy-25-azacoprostane. 

(3a,4a, 5a>-17-(pentyloxy)-4-(2-propenyl) androstan-3-ol , 

(3a.4a. 5a>-17-{octyloxyH-(2-propenyl) androstan-3-ol , 

(3a.4a>-17-I(4.methylpenty1)oxyH-(2-prDpenyl) androstan-3-ol , 

(3a.4a)-17-{3-phenylpropoxy)-4-(2-propenyl) androslan-3-o! , 

(3a,4a>-17-(phenylmethoxyH-(2-propenyl) androstan-3-ol . 

(3a.4a)-174(4.4^imethylpenlyl)oxyl-4-(2-propenyl) androstan-3-ol , 

2-(hydroxymethylene)-4a-{2-propenyl)cholestan -3-one. 

(2a,3a.5a)-2-(2-propenyl)cholestan-3-ol 

3p.4a,5a.20pH-(2-propenyl)cholestan-3-o! 

(3a.4a.5a^0pH-(3.3-difliJoro-2-propenyl)cholestan-3-ol 

(3a.4a.5a.20pH-(2-propenyl)cholestan-3-amine 

(3a.4a.5a,20p)-4-propyicholestan-3-ol 

(3a.4a>-4-(2-methyl-2-propenyl)cholestan-3-ol 

(3a.4a)-4-{2-chloro-2-propenyl)cholestan-3-ol 

(3a.4a)-4-(2-bromo-2-propenyl)cholestan-3-ol. 

(3a.4a,24RH-(2-propenyl>-24-<ethyl)cholestan-3- ol. and 

(3a,4a^E, 24RH-{2-propenyl)-24- (ethyl)cholest-22-en-3-ol. ^ ^ ^ , 

Other highly preferred compounds are (3a.4a,5aH-(2-chlofO-2 propenyl) cholestan.3^1 and (3a,4a.5a>. 
4.(2.bfomo-2-propenyl)cholestan.3-ol represented by Formula VI; (3a.4a.5a)^(2-propenyl)stigmastan-3-ol 
represented by formula VII; and (3a.4a.5a,22E)-4-(2.propenyl)stigmast-22-en-3^l represented by formula 
VIII as follows: 
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IS wherein: 

Ri is a straight chain CrC4 alkyi or C1-C4 halo alkyi; 
R2 is hydrogen, methyl, or hakmiethyl; 
R5 is the group 

-A-Z-R^«-X» 



20 where 



A is a bond, -0-. -CHr. -CHCCHaK -CHCCHjCHa)-, .CH(hak>)-, -C(halo)r. or 



25 



CHa 
C — 

I 

OH 



30 



and 



Z is a bond. -0-. -CHr. -CH(CH3)-. -CHCCHaCH,)-. -CH(haloK -C(halo)r. or 



35 



40 



CHa 



OH 



provided that only one of A and Z are -CH(CH,)-. -CH(CH2CH,)-.-CH(halo)-. -C{haloJr. or 



45 



CHa 



so 



C— 

I 

OH 



R'«is 



(i) a divalent unsubslituted or substituted, branched or unbranched radical derived from a C,-C,2 alkane. 

(ii) a divalent unsubslituted or substituted, branched or unbranched. unsaturated radical derived from a Cr 
^S!lre"he subsutuenis of (i) and (iO are one or more of the same or different hydroxy. -CH^NCalkyDj. 

15 
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substitiited amino, amino, mercapto. -S(Ci^ alkyi). halo, or two adjacent carbon atoms may each be bonded 
to the same oxygen atom to afford an epoxide; 

X» is hydrogen, unsubstituted or substituted phenyl, unsubstihited or substituted phenoxy or unsubsU- 
tuted or substituted benzyloxy, halo, haloalkyl. OH. -SH. -S(C,-C6 alkyl). -CFs. -CN. CrCe alkenyl. .OC(F)3. 
CrC4 alkoxy. -0(0)01-04 alkyl. .0(O)(02-0e alkenyl) -OHO. -OOOH. -000(0r04 alkyl), -NR^iR^ 
-0(0)NR"R^2 where R^^ and R« are independently hydrogen or C1-C4 alkyl; 

is hydrogen, -OH. Ci-Ce alkoxy. substituted or unsubstituted phenoxy, substituted or unsubstituted 
benzyloxy or-NRW where Rs and R^ are independently hydrogen or O1-O4 alkyl or combine with the nitrogen 
atom to v»fhfch they are attached to form a substituted or unsubstituted nitrogen containing heterocydk; ring. 
For formula V: 




wherein: 

Ri Is a straight chain Or04 alkyl or O1-C4 halo alkyl; 
R2 is hydrogen, methyl, or halomethyl; 
R6 is the group 

-A-Z-R^«-X3 

where 

A is a bond. -0-. -OHj-. -OH(OH3)-, -OHCCHaCHa)-. -OH(halo>-. -C(halo)2^. or 

CH3 

OH 

and 

Z is a bond. -0-. -CHr. -CH(CH3)-. -CHlCHjCHj)-. -CH(halo)-. -C(halo)2r. or 



CHa 




provided that only one of A and Z are -0-, -CH(CH3)-, -CH(CH2CH3)-,-CH(halo)-. -C(halo)r. or 
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15 



20 



55 



-C — 

I 

OH 



(i) a divalent unsubslituted or substituted, branched or unbranched radical derived from a C^-C^ alkene, 



or 

(ii) a divalent unsubstituted or substituted, brancTied or unbranched. unsaturated radical derived from a Cr 
Ci2 elkene, 

where the substltuents of (i) and (ii) are one or more of the same or different hydroxy, -CH2N(alkyl)2. 
acetamWo. substituted amino, amino, mercapto. -S(Ci-C6 alkyi). halo, or two adjacent carbon atoms may each 
be bonded to the same oxygen atom to afford an epoxide; 

X3 is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or unsubsth 
tuted or substituted benzyloxyhalo, haloalkyi, OH. -SH, .S(CrCe alkyI), -CF„ -CN, CrCe alkenyl. -OC(F)3. Cr 
C4 alkoxy. -C(0)Ci-C4 alkyl. -C(0)(Cr Ce alkenyl) -CHO, -COOH. -COO(Ci-C4 alkyI), or monocyclic heterocyc- 
lic nng.^^ ^ j^y^j^xy, acyloxy, amino. acetamWo. substituted amino, mercapto. =0, or (CrC4 aIkoxy)carbony- 

loxy, a^^ independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; halo, 

25 hydrogen; or halo. halo. , ^ ^ ^ «j 

As mentioned above, the inventton includes pharmaceutically acceptable salts of the compounds defined 
by the above formula. A particular compound of this inventton can react with any of a number of nontoxic in- 
organic bases, and nontoxfc inoipanic and organic acids, to form a pharmaceutically acceptable salt Acids 
commonly employed to form add addition salts are Inorganic acids such as hydrochlorfc 

30 hydrokxlfc acW. sulfuric acid, phosphoric ackl. and the like, and organic acWs such as p-toluene-sulfonic, me- 
thanesulfonic ackJ. oxalic acid, p-bromo-phenylsulfonic add, cart>onic ackJ. sucdnic add. dtric ackJ, benzoic 
add. acetic add, and the like. Examples of such pharmaceutically acceptable salts thus are the sulfate pyro- 
sulfate bisulfate. sulfite, bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphos^ 
phate. pyrophosphate, chloride. bromWe. iodkJe. acetate, proptonate, decanoate. caprylale, acrylate, formate, 

35 Isobutyrate. caproate. heptanoate. propfolate. oxalate, malonate. sucdnate. suberate. sebacate, fumarate, 
maleate. butyne-1.4.dk)ate, hexyne-1.6-dioate.benzoate. chlorobenzoate, methylbenzoate. dinitrobenzoate. 
hydroxybenzoate, melhoxybenzoate. phthalate. sulfonate, xylenesulfonate. phenylacetate. phenyl propionate, 
phenyibutyrate. dtrate. lactate, gamma-hydroxybutyrate. glycollate, tartrate, methanesulfonate. propanesul- 
fonate. naphthalene-1-sulfonate. naphthalene.2-sulfonate. mandelate and the like. Preferred pharmaceutical- 

40 ly acceptable acW addition salts are those formed with mineral adds such as hydrochloric add and hydrobromte 
add, and those formed with organte adds such as malete add and methanesulfonic ackJ. 

Base additfon salts indude those derived from inorganic bases, such as ammonium or alkali or alkaline 
earth metal hydroxides, carbonates. bteart>onates. and the like. Such bases useful in preparing the salts of 
this invention thus indude sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbon- 

45 ate. sodium carbonate, sodium bicart)onate. potassium bicarbonate, calcium hydroxWe. calcium carbonate, 
and the like. The potassium and sodium salt forms are particularly preferred. 

The compounds of the present Invention, or their precursors, are prepared using procedures known to 
those of ordinary skill in the art. 

The compounds of the present invention, which may themselves be used as intermediates for preparing further 
so compounds of the present invention, are prepared generally in accordance with the reacttons shown in 
Schen^s 1-8. 
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In schemes 1-8. R\ R2. R» R». R". R«. Z. R«. X*. X» and X* as defined above tor Formula I. unless other- 
wis0 notsd 

As shown in Scheme 1. step A, a suitable 4-cholesten-3-one is reduclively aBcylated with a suitable aUcyl 
halide benzyl halkJe, or 2-pfopenyl halide in the presence of a strong base and a proton source in an Inert or 
substantially inert solvent or mixture of solvents to afford the corresponding 4.sub8tituted-cholestan-3-one. 

The preferred sbong base is an alkali metal, preferably lithium or sodium, in liquid ammonia. Preferably a 
proton donor is also present and preferably is ethanol. t-butanol and preferably t-butand. Generally, temper- 
atures of from about -85»C to about -50"C are employed in carrying out this reaction. In step B of Scheme 1. 
the 3-one compound is reduced to the corresponding a and p isomers through a hydride reduction carried out 
In an inert or substantially inert solvent or mbditfe of solvents. Suitable hydride reducing agents include diiso- 
butyl aluminum hydride, potassium tri-seo-butyl- borohydride (K-selecWde®) and lithium aluminum hydride. 
Suitable solvents for this reaction include chlorinated hydrocarbons or etheral solvents. Preferred sohrents are 
etheral and most preferred is tetrahydrofuran (THF). Generally temperatures ranging from about -85^ to about 
(WJ are employed. The a-hydroxy and p-hydroxy isomers afforded by the step B reaction are generally sepa- 
rated by chromotography although other separation techniques known to those skWed in the art could be em- 

'^°^Slep C of Scheme 1 1llustrates a hydride reduction of the type discussed above for step B and demonstrates 
such reducttons can effect more than one caibonyl group on the molecule. If desired. 

Step D of Scheme 1 iUustiates further modifications to compounds vinthin the scope of formula I to afford 
further desired compounds within the scope of formula I. In particular. Scheme D discloses an alkaline hy- 
drolysis employing a suitable base, such as sodium hydroxWe. potassium hydroxWe. or lithium hydroxWe m a 
mixture of an etheral solvent and an ak»hol sohrent (generally 4:1 (v:v) at about the reflux temperature of the 
soh«nt or mixture of solvents. 

Step E of Scheme 1 llustrates stBI another set of reactions which can be used starting with compounds 
within the scope of formula I to arrive atftjrther compounds of the present invention also wRhin the scope of 
formula I In step E the benzyl moiety is removed by hydrogenolysis. Preferably this reactten is carried out in 
the presence of palladium on carbon in an inert or substantially inert solvent or mbdure of solvents, preferably 
etheral and most preferably THF to affbid the corresponding 4o-(4-hydroxybenzyl)cholestan.»^ne which is 
then reduced by a hydride reduction as described above to afford the 3a and 3p isomere which are separated 

by chromotography. ^ _..u » 

Scheme 2 fliustrates reactions which can be employed to obtain at least those compounds of the present 
invention containing a 4-substituent and a 4-ene unsaturation. In the first reaction, a suitable 4-choleslen-3- 
one is reacted wtth a secondary amine, preferably pyrrolidine (which is illustrated) in an inert or substantially 
inert solvent or mixture of solvents at about the reflux temperature of said solvent to afford the corresponding 
3-pyrrolldino-3.5-cholestadiene. The suitable solvents for this reaction are generally aprotic and benzene is 
preferred. The a-pyrrolodino intermediate is then alkylated using a suitable alkyi halWe or 2-propenyl halWe. 
preferably bromWe or iodkle, in an inert or substantially inert solvent or mixture of solvents and then hydrolyzed 
10 afford the corresponding 4^ubstltuted-cholest-4-en-3-one. The preferred solvent fort he alkylatfon reaction 
IS dimethylformamlde or dioxane. Preferably a co-sohwnt is added during the hydrolysis reaction, such as di- 
oxane. The alkylatfon reactfon is carried out at elevated temperatures of from about 150-200»C and the hy- 
drolysis is carried out at temperatures of from about 80»C to about 130"C. The S^)ne-4-ene compound may 
then be reduced through a hydride reduction to the corresponding o-hydroxy and p-hydroxy isomere which 
are Bolated by preferably chronrwtography. os 

Although the 17 positfon of the steroW ring shown as a reactant in step Aof Scheme 3 depicts a Ra-COOH 
group, it should be appreciated that the primary focus of this scheme is to illustrate preparatton of various com- 
pounds within the scope of the present invention having cart)oxcylic acW, amine, carboxamide and similar type 
groups within the definition of X*. In step A a suitable compound having a terminal carboxcylic acid group is 
used as the starting reactant Said compounds are prepared substantially in accordance with procedures de- 
scribed in the literature such as Miyamoto, et ai.. Synthetic CommunkaBons. 16 No. 5.513-521 (1986) and 
Demir et at.. Oroanic Prop, and Proc. International Organic Preo. and Proc. . 19 (2-3). 197-208 (1987) wfhich 
are inixirporated herein by reference. The carboxcydic acid is reacted with a suitable primary or secondary 
amine salt in the presence of an acid scavenger and a halide source in an inert or substantially inert solvent 
or mixture of solvents to afford the correponding carboxamide. Suitable acid scavengere for use in this reaction 
are generally tertiary amines and N-methylmorpholine is preferred. The preferred halkte is cNoro and butyl 
chloroformate Is preferred. Suitable solvents for this reaction are generally aprotic In nature and chlonnated 
hydrocarbons are preferred and most particularly methylene chloride. Suitable temperatures for this reaction 
are from about -25''C to about 25«C. Step B of Scheme 3 shows a reductive alkylatfon carried out under sub- 
stantially the same conditions as described above for this reaction. 
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SMarly the reduction of the 3-one group to the corresponding 3a-hydroxy compound is carried out with 
a hydride reducing agent using substantially the same procedures and conditions described above for this re- 

The carboxamide can be reduced as shown in step D of Scheme 3 to afford the corresponding amino con»- 
pound by way of a hydride reduction using substantially the same procedures and conditions described above 
for similar reactions. The preferred reducing agent fbr this reaction is lithium aluminum hydnde in an inert or 
substantially inert solvent or mbclure of solvents at Itom about .25«C to about25»C to afford the corresponding 

*"'"a^ernJ^d?8dose8 an alternative way of arriving at compounds of the present invention that include a 
7-position and/or a 12-posifion substituent. although it wiU be appreciated this scheme is not limited to those 
compounds. In step Aof Scheme 4 a 3a-hydroxy compound having a terminal carboxcylic add group is reacted 
with a haloformic ester In the presence of an add scavenger In an inert or substantially inert solvent or mixture 
of solvents to afford the corresponding dicarbonate which is further reacted with a primary or secondary amine 
salt without isolation, to afford the corresponding S-posltion carbonate having a terminal carboxamide group 
as the X» group at the R» position. The preferred haloformic ester is isobutyldiloroformate. Generally, tertiary 
^ines are used as acid scavengers and the most preferred acid scavenger is Nnnethylmorphofine Suitable 
solvents for this reaction are chloronated hydrocarbons and irothylene chloride is most preferred. Tempera- 
tures employed in the dicart)onate formation reaction are generally from about -20<>C to about 30»C. 

Step B of Scheme 4 shows the 3-posltion carbonate group being reduced by a hydride reduction using 
the conditions and procedures previously described for this reaction. It should be appredated that, if desired, 
the carbonate group could also be hydrolyzed. The preferred redudng agent fbrthls step B reaction b lithium 

aluminum hydride. . a ■ 

Scheme 5 is primarily directed tovrard those compounds of the present invention where A is an oxygen 
atom although It wBI be appreciated many other compounds within the scope of the present invention can be 
afforded by this scheme. The first reaction comprises a cyclic ketalization exemplified is the reaction of tes- 
tosterone with ethylene glycol in the presence of an add catalyst, preferably an organic acid, in an inert or 
substantially inert solvent or mixture of sdvenls to afford the corresponding 3.a-ethylenedioxy compound 
along with the corresponding 3.3-ethylenedioxy-5-ene isomer. The preferred organic add catalyst « f^tolue- 
nesutfonic acid monohydrate. The reaction is generally carried out at about the reflux temperature of the so^ 
vent Suitable soNente are those that allow azetropic removal of vmter such as inert aromatic sdvente and 

'^^ThenexTstep'te to alkylate the 3.3-ethylenedioxy isomers with the desired alkyi halWe or alkenyl (e.g.. 2- 
PTOPenyl) halide in the presence of a strong base in an inert or substantially Inert solvent or mixture of sdvente 
to afford the corresponding IT-alkoxy or alkenyloxy compound. Suitable strong basis for this ^eac^o" hy- 
drides and preferred is potassium hydride. Preferred sdvente for this reaction are a mixture of THF and dirne- 
thylsulfoxlde (DMSO) or dimethylformamide (DMF). Suitable temperatores for this reaction are generally from 
about -20"C to about 5(yC. 

The next step Illustrated is to regenerate the 4-en-3-one group. The 4-en-3-one group is formed by acid- 
ifying the 3.3-ethylenedtoxy compound in an inert or substantially inert solvent or mixtore of solvente. The use- 
ful adds are preferably organic ackJs with acetic add being most preferred. Generally water is also induded 
along with the acid. Suitable sdvente for this readfon are etheral with THF being preferred. Surtabte temper- 
atures for this reacHon are generally from about 50°C to about 1 00°C. 

Further compounds of the present inventton can be afforded by redudively alkylating the 4-en-3-one com- 
pound using the procedures described above forthlsreadion. Still furthercompounds of the present imrenbon 
can be afforted by redudng the alkylated Intermediate by way of a hydride rodudkwi. also in accordance with 
the procedures previously described. Preferably, this hydride reduction is accomplished using K-selectride al- 
though sodium borohydride is also a useful reducing agent 

Scheme 6 illustrates an alternative synthesis primarily for those compounds of the present invention where 
Ais an oxygen atom. The firet step of this scheme shows reacting testosterone, or other suitable starting ma- 
terial with t-butyldimethylsilyl chloride using standard oxygen silylatton conditions known to those skilled in the 
art The next step in this scheme shows a reductive alkylation in accordance with the procedures previously 
described for this reaction fdlowed by a hydride reductkMi. again, using procedures previously described for 
this readton. Ttie next step is proteding the 3-hydroxy group with a tetrahydropyran-4-yl CTHP) group using 
standard THP forming conditions known to those skilled in the art This is fdlowed by deprotection of the t- 
butyldimethylsilyl (TBS) group using standard desilylatfon conditions again knovim to those skilled in the art 

The next step in this scheme is alkylation using an appropriate alkyI halWe or 2-propenyl halide in the pres- 
ence of a strong base in an inert or substentially inert solvent or mixture of solvente. These alkylation conditions 
are described above. The final synthetic step shown in this scheme is deprotection of the 3-position using sten- 
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dard THP cleaving conditions well known to those skilled in the art 

The reactions shown in Scheme 7 are primarily directed toward those compounds of the present invention 
where 2 Is an oxygen atom. The first step in this reaction shown oxidation of an methyl ketone to its corre- 
sponding cartwxcylic acW using the bromoform reaction. Generally this reaction comprises reacting the methyl 

6 ketone compound in mixture of bromine, water and a suitable base, preferably sodKim hydride, at a temperature 
of from about -20*C to about 20**C. It is preferred that a co-sohrent such as dioxane be added to improve so^ 
ubility The next step in this scheme is a hydride reduction using the procedures previously described for this 
reaction Preferably a strong hydride redudng agent is emptoyed for this reduction such as Red-AI®. This re- 
action affords the corresponding S-hydroxy 17-hydroxymethyl intermediate. This intermediate is then seleo- 

10 lively oxWized using manganese dioxide in an inert or substantially inert solvent or mbrture of solvents to afford 
the corresponding ^ne intermediate. Preferred solvents for this reaction are chlorinated hydrocarbons and 
chloroform is most preferred. The 20-01 intermediate is then silylated. preferably with TBS. using standard con- 
ditions known to those skilled In the art for this reaction. The next step is a reductive alkylatton again using 
the procedures and conditions prevtously described for this reaction followed by a hydride reduction also using 

IS the procedures prevtously described for this reaction. The next step is then a protection of the 3-hydroxy group 
using standard THP ether formatton conditions known to those skilled in the art This is followed by disilylation. 
that is deprotection. using standard conditions known to those skilled in the art for this reaction. The hydroxy 
group is then alkylated using the alkylation conditions prevtously described for this reaction vwth a suitable alkyi 
or alkenyl (e g.. 2-propenyl) halWe alkylating reagent in the presence of a strong base in an inert or substantially 

20 inert solvent or mixture of solvents. The THP group is then cleaved using standard conditions for this reaction 
known to those skilled In the art 

Scheme 8 is primarily directed toward those compounds of the present invention having a 2-position sub- 
stiluent Generally, a suitable compound is reductively alkylated to afford a substitoent in the 4-position. this 
reductive alkylation is carried out using the conditions and procedures prevtously described for this reaction. 

25 The next step shown in Scheme 8 is formylatfon. Generally the compound is reacted wit h a hydride and ethyl- 
formate in an inert or substantially inert sokent or mbrture of solvents, preferably toluene, to afford the 2-pos- 
ition hydroxy methylene group. Suitable soh/ents for this reaction are generally aromatic hydrocarbons and pre- 
ferred is toluene. The 2-hydroxy methylene compound may then be further reacted such as by the niustrated 
Mtohael addition reaction to afford still further compounds within the scope of the present invention. The Mi- 

30 chael addition is carried out using standard conditions for this reaction knovwi to those skilled in the art 

It will be appreciated that by the reactions niustrated in Schemes 1-8, and combinations of those reactions, 
one skilled in the art can prepare the compounds of Formula I. 

An additional synthesis scheme 9 is shown below for the preparation of the compound of Example 85 
(3o4a,5a20p)-4-(3>difluoro-2-propenyl)cholesten-3-ol using the compounds prepared In Example 5. 

35 (3a!4a,5aU(2.propenyl)cholestan-3-one Example 83 (3a,4a.5a).3-[I{1 .1-dimethyiethyl)dimethylsi. 
lyl]oxylcholestane-4-acetaWehyde. Example 82 {3a,4a,5a)-3.[K1.1-dimethyiethyl)dimethylsflylloxy]choles- 
tane-4.aceteldehyde, and Example 84 (3a,4a,5a.20p)-4-(3.3-difluora-2.propenyl)cholestan-3-ol. 
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As noted above, the optically active diastereomers of the compounds of Fornmila (I) are considered part 
ofthfeirelnSu,^opti«llyaLe isomers may be preparedfron^thelrres^^^ 

£ t^e ^^T.^ descSbed above, or by resolving the racemic mixtures. The resolution can be camed .n the 

SesLn^a resolving agent, by chromatography or by repeated crystallization or by s«ne combination of 

t^Shtueswhich^rfknowntothosesWIIedintheartFurtherdetaite^^^ 

in Jacques, at al.. Enantiomers. Racemates. and Resolutions. John Wiey & Sons 1981 . 

Tte compounds employed as initial starling material in the synthesis erf the compKH.nds erf 
are weU kno^ and. to the extent not commercially available, are readOy syntheseed by standard procedures 
mmmnnlv emoloved by those of ordinary skBI in the art . ^ # 

r ph J^Lticilly acceptable Jt. of the invention are typically form«. by reacting « 
Formula? with an equimolar and excess amount of acid or base. The reactants f^^'^'^^^^^l 
^1 so^ent. such as diethylether or benzene, for acid addition salts, or water or alcohols ft>^ ^« 
^.l^the salts normally predpitate out of solution wHhinaboutlhourloaboutlOdaysand can be ^^^^ 

by filtration or other oonventional methods. 
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in addition, some of the compounds of Formula I may form solvates with water or with common organic 
solvents. Sudi solvates are included wHhin the scope of the compounds of the present invention. 

Pharmaceutical Compositions Using a Combination of Hypo chdesteiemic andtor Hypolipemic Agents 

The compounds of this invention, as represented by Formula I. may advantageously be used in comWn- 
ation w»hotterhypocholesteremicand/or hypolipemic agents. Typical of agentsuseful in ph^^ 
positions in combination with those of Formula (I) are the following: .h^,«v«»tinn 
(a) Bile Acid SequesWnts- these agents bind bBe adds inthe intestinal tract and enhance their excretion. 
Typical bile sequestrants are quaternary amines such as chdestyramine and colestipol. 
(bTNtootinic Z<S and Its Derivatives - these B-vitamin inhibit the production of lipoproteins by the liver. 
cJ HMG^ Reductase Inhibitors - these serum cholesterol lowering drugs inhibit the rate-limiting en- 
zyme in cholesterol synthesis. Typical of drugs in this group are mevastatin. Pravastatin and s-nwastottru 
(S^mfibro2ilandC«herFibricAclds-theseagentsarelipid-loweringdrugs.Typicalofdrugs«th«g^^ 

are gemfibrozil, dof ibrate, fenof ibrate. benzaf ibrate and ciprof ibrate. ^ , ni Th« 

(e) Probucd - this agent is used for cholesterol lowering and appears to prevent the oxidation of LDL The 

StrcSra^SDJSre;":raloxifene 

nyl)-3-[4-(2-piperidinoethoxy)benzoyl]benzothtophene). and its esters and ethers are described in U.S. 

Patent No 4.418,068. the disclosure of which is incorporated herein by reference. 

te?mb*L ;f (a . (b). (c). (d). (e). and (f). These agents have the ability to lower serum cholesterol lerels 

Sanation Jlh attendant beneTidal effects such as reduced bone loss J P^^'^-^Pf "^J^T^ 
being bound by anytheory of operation.Hisbelievedthatthe lipid and cholesterol lowering ^^^^ 

of the X^iTds of Fornila \l) of thte Invention are achieved by interruption cf the interaction of oxyst^l 
2th re^aS^y protein, which, in turn, suppresses the activHy of the gene encoding the ^-^^J^ 
Sn^he prclrrwtor regton of the gene. The prior art cholesterol and lipid contrel agents are believed to pro- 
mote their beneficial effects by other mechanisms. 

Fo! exS^pte. a pharmacSiBcal composition may be formed frem the compound of Example 5 m combin- 
ation with mevastatin and/or raloxifene together with suteble exdplents and carn^^ n^orvwith 

The multi-mode pharmaceutical compositions containing a compound of Formulae «•"• * ^ J 
cholesteiol control agents (a), (b). (c). (d). (e) or (0 are formulated in a manner to avoid harmful or antagonshc 
combinations of ingredients known in the art . ^ 

Wternatively. a combination of ingredients may be used in a method of preventng did^erel induced 

atheresderosis by administering to a mammal simultaneously, or In any order (1) the compound the inven- 

one or more agents (a), (b). (c). (d). (e). (f). or any combination |he;«rff P^""?^ 
T^epracBveof this therapeutic method only requiresthatingredlents(1)and (2) be administered toamammal 

in a time period where they jointly produce a therapeutic effect «„„ »„h mothod^ for their 

The following examples further illustrate the compounds of the present invention and JJ"' 
synthesis. The Bcamples are not intended to be limiting to the scope of the Im^ention m any respect and should 

tJite^Xl!^ noted. NMR data appearing in the examples refers to the free base of the subject com- 
pound. 

Example 1 

Preparation of [4a(E),5al-4-(2-butenyl)cholestan.3-one 
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10 



IB 



20 




30 



3S 



1 ithium wire (1 2 a 0 171 mol) was placed in a flame dried flask fitted with a mechanical stirrer and dry 
^ZLT^tSin^eo iceteopropanol bath was used to cool the flask whOe 60 - 70 mL of liquKi 
^rorJaTtiTeTrm^^^saS^ed.^ 

STervl^tLpid stirring sLtof dry THF toform a t^nze pr^J^pitateJ^ 

dropwise at a rapid rate asolution of (*H-cholestene-3-one (30 g, 0.078 md. Aldnch 18.817-4) «" ZTOmLdry 

witenol (7.2 mU 0.078 moO resulting in formation of a yellow preciprtate. "Pon «>7 
lit^Mh^lingbathLrenuJlbrS^^^^^ 

mixture stirred for an addittonal 5 minutes. Crotyl bromWe (52.6 g. 0.390 mote Aldnch C8M0-5) rapiov 
r.Sed^e7€«ction mixture was stirredanaddittonallOminutesunderthed^ 

?S?e^^ l-ed t>efora cautiously adding solid ammonium chloride at a rate *at d-d not ^e the 
rxoS^SecomposiBon tolbamoutthedry ice condenser. The cooling t>athwasren^v^^ 
Sm sS for app^mately 30 minutes and water (250 mL ) was added. Separation <rf the o^amc layer was 
S^o^idty baS extractbn of the water layer with ethyl acetate. The "-""^J.^^"" ^^r^ 2-8% 
SigSO.) and concentrated to afford an oil whfeh was further purified by prep HPLC « 
eVhvlawtatein hexane over 30 minutes and collecting 375 mLfractions every 1.5 
T^^^iere combined and evaporated to give a white soUd whid. v^s ^V^^'-^^^^- ^^^^^^^^ 
to give 18.75 g (55%) of the title compound: 1 H NMR (CDQ,. 300 MHz) d 5.55 - 5.30 (m. 2H). 2.50 1.95 (m. 
5H^ 1 64 (m. 3H). 1 .05 (s, 3H), 0.87 (m. 9H). 0.68 (s. 3H). -> , 

By foltoiinfl the procedures described above in Example 1. the compounds of Examples 2 and 3 were 

prepared. 



Example 2 

Preparation of [4a.5al-4.{1-propenyl)cholestan-S-one 



so 
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Example 3 

Preparation of l4a(E).5aH-(2-butenyl)-25-hydn)xycholestan-3^one 




42 
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drich C8.640-5) provided 167.2 mg (27%) of the title compound as a white solid: MS/FD m/e 457; 1H NMR 
(CDCU, 300 MHz) 

Example 4 

Preparation of {4a(E).5ol-4-{2-butenyl)cholestan.3a-ol: 



10 



15 



20 



30 



35 




45 



A solution of 7.6 g (17 mmd) of the compound of Example 1 in 75 mL of dry THF was added dropwise to 
34 mL (2 equivalents) of K-Selectride (1M) In THF at -78«. The reaction viras strirred for 2.5 hr then warmed to 
0^ followed by addition of 3.11 mL of water. 11.75 mL 2B ethanol and 9.31 mL of 5N sodium hydroxide. Then 
lV.75 mLof 30% hydrogen peroxide was added dropwise keeping the temperature below 20^ After coming to 
room temperature, the solution was evaporated under reduced pressure to remove the THF. The aqueous layer 
was extracted with ether, and the organic extracis vyere dried (MgSO^) and concentrated to afford 7.43 g (97%) 
of a yellow foam which was further purified by prep HPLC using a gradient of 0-8% ethylacetate in hexane 
over 30 minutes and collecting 375 mL fractions every 1 .5 minutes. Fractions containing the product were com- 
bined and evaporated to give a white solid which was recrystallized from ethanol/water to give 6.77 g (90%) 
of the title compound: mp 108-1 09«J MS/FD m/e 442; 1H NMR (CDd^, 300 MHz) 

By substantially following the procedures of Example 4. the compounds of Examples 5. 6. and 7 were pre- 
pared. 

Example 5 

Preparation of [4a,5a]-4-(2-propenyl)cholestan-3a-ol: 
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Example 6 

Preparation of [4a(E),5aH.{2-butenyl)-25-hydroxycholestan-3a-ol 




The compound of Example 3 [4a(E),5aH-(2-butenyl)-25-hydroxycholestan.3-one [140 ^^-^^l^^^ 
provided, after flash chromatography (EtOAc). 28.1 mg (21%) of the title compound as a white solid: MS/FD+ 
m/e 428; 1H NMR (CDOs. 300 MHz) 
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Example 7 



Preparation of [4a,5aH-butylcholeslan-3a-ol 



5 



10 



IS 




H 



20 




25 



A mbcture of 533 mg (1.2 mmol) of the compound of Example 4 and 53 mg of 5% Pd/C in 50 mL of ethy\ 
30 acetate was subjected to 60 psi of hydrogen at room temperature for 8 hours. Filtration of the reaction mixture 
over Fuller's earth followed by evaporation gave 436 mg (82%) of the titte compound as a white solid whose 
purity was indicated by one spot on TLC (10% EtOAc:hexane): MSffD m/e 444; 1H NMR {COa^ 300 MHz) 

Example 8 

35 

Preparation of [4a(E). 5aH-(2-butenyl)-3a-aminocholestone 



40 



45 



so 
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Toamixtum of 5.09(11.3 mnvrf)thecompound of Example1.8.7g(113nvn^10e^^^^ 
40a^M7tnmol 5 6equiv)sodiumcyar»borohydri(teand70mLofdryTHFinaflamedr«dfteski^^ 
n^L'^^ J^lo '^'^^*^- solution was stirred at room tempera..^ '^'"''''^^^ 
Sn ^^ri^um hydroxide. The aqueous solution was extracted with ether, the organic extiacte ««>■ 
bJ^dntf rM^W^and concentrated to afford 4.95 g (99%) of the titie compound as a glassy semi solid. 

Examples 9 and 10 

Preparation of [4a(E)5aH.{2.butenyl)-3a and 3p-acetamidocholestones 
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A mixture of 4.0 g (9.05 mmol) of the compound of Example 8, 2,3 g (2.5 equiv) of acetic anhydride and 
3.6 mL (5.0 equiv) of pyridine in 50 mL of toluene was heated at reflux for 1 hour. After cooling to il, the mixtuie 
was concentrated to afford a white solid which was further purified by HPLC using a gradient of 15-50% 
EtOAc:hexane over 20 minutes. Fractions containing products were combined and evaporated to give the In- 
5 dividual 3-acetamidocholestane isomers as white solids. Example 9: 1.08 g (24.8% of the 3a isomer MS/FD 
m/e 483; 1H NMR (CDds, 300 MHz) Example 10: 1.31 g (30%) of the 3p isomer MS/FD m/e 483; 1H NMR 
(CDCIs. 300 MHz) 

Example 11 

10 

Preparation of 4a-(4-cyanoben2:yl)choiestan-3-one. 

A flame-dried, three necked flask equipped with an ammonia inlet, a dry ice condenser and a septum was 
charged with a glass stir bar and lithium chips (79.4 mg, 11.4 mmol) under an argon atnK)sphere. 30 ml dry 
ammonia was collected in the flask which was in a dry ice/acetone bath. The resulting deep blue solutkm was 

IS stirred for 10 min. before it was diluted with 10 ml dry tetrahydrofunan. 

A solution of 4-cholesten-3-one (2.00g,5.20 mmol) and tert-butyl alcohol (340 ^1. 3.64 mmol) in 15ml dry 
tetrahydrofuran was added dropwise to the deep blue solutkxi with vigorous stirring over a 3 min period at -78<*C. 
The light blue solution was stirred at -78*»C for 45 min. A solution of a-bromo-g-tolunitrile (3.05g. 15.6 mmol). 
ki 20 ml dry tetrahydrofiiran was added to the blue sdutton in a fest feshion via a cannula The dry ice/ acetone 

20 bath was removed and t he resulting greenish suspension was allowed to warm slowly with.evaporation of am- 
monia for 3 hr. A 10 ml aqueous ammonium chloride (688 mg, 11.0 mmol) solutton was added to the reaction 
mixture, followed by 30 ml diethyl ether/methylene chloride (2:1); and the organic layer was separated. The 
aqeous layer was extracted with diethyl et her/methylene chloride (2:1) (50 ml x 2). The combined organic layers 
were washed with 20 ml brine, dried over anhydrous nuignesium sulfate, filter and concentrated to obtain a 

25 white solid residue, which was subject to flash column chromatography on silica gel (ethyl acetate/ toluene 0 
4% as eluent) to obtain 1 .28g (2.55 mmol 49%) 4a-(4-cyanobenzyl)cholestan-3-one. Recry stall ization in tol- 
uene gave white needle crystal. 
IR(CHa3, cm-^): 2230. 1706 

300MHz iH NMR(CDCl3. ppm) 6 0.68(s.3H. CH3). 0.87 (d.J=6.8Hz.6H. -CH(CHs)2). 0.91(d,J=6.5Hz.3H. 
30 -CH(CH3)-). 1.09(s.3H. -CH3), 0.70-1.65(m.22H), 1.70-1.95(m.3H). 1.95-2.10(m. 2H), 2.26-2.35(m,1H). 
2.44(td, J=14.0 Hz, 6.2Hz, 1H), 2.54-2.64 (m. 1H). 2.87 (dd. J=14.2Hz; 3.1Hz. 1H), 3.02(dd,J=14.2 Hz; 7.8Hz, 
1H),7.31(d,J=8.2Hz,2H) 



Mass(FD):501(M^; 



35 


Elementary Anal.: Calcd for C36H61ON: 






C, 83.78; 


H, 10.24, 


N, 2.79: 




Found: 


C. 84.07; 


H, 10.42, 


N2.86 



^ By substantially folk>wing the procedures described above for Example 11, the compounds of Example 12 
through 21 were prepared. 

Example 12 

^ Preparation of 4a-benzylcholestan-3-one 

16.9% yield; mp 163.0-168«C (CH2a2/CH3CN); 
IR(CHa3) 1704 cnr^ 

NMR 300MHz (CDCI3) 6 0.65(s.3H. methyl). 0.85(d.J=6.6Hz,6H). 0.88(d,J=6.6Hz.3H.). 0.70.1.60(m.22H). 
1.04(s.3H,methyl), 1.65-1.90(m,3H), 1.90.2.06(m,2H), .2.25-2.36(m,1H), 2.42(td, J=1 .39, 6.3Hz, 1H), 2.50- 
^ Z59(m,1H). 2.80(dd,J=14.3,3.2Hz, 1H), 3.01 (dd,J=1 4.2, 7.2Hz,1H), 7.10-7.28(m,5H. aromatic); 
MS.FDM/e476(M*); 



Anal. Calcd for C34H52O: 

C, 85.65; H, 10.99 
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Found: C, 85.94; H, 11.37. 



Example 13 

Preparation of 4a-(4-fluorobenzyl)cholestan-3-one 
19.7% yield; mp 175.0-177.0*C (CH2Cl2'CH3CN); 
IRCCHQa) 1704 cnr\ 

NMR 300MH2 (CDQa) 6 a65{s.3H. methyl), 0.85(d,J=6.5Hz.6H), 0.88(d.J=6.5Hz.3H.). 0.65-1.60(m.22H). 
1.04(s.3H.methyl). 1.70-1.84(m,3H). 1.94-2.02(m,2H). 2.26 (brd. J=11 .8 Hz, 1H). 2.38 (dd. J=13.8. 6.4 Hz, 1H). 
2.44-2.55 (m.1H). 2.8 (brdd. J-14.3. 3.0 Hz. 1H). 2.92(dd. J=1.42. 7.4 Hz. 1H). 6.89 (W=8.7 Hz, 2H aromatic), 
7.10-7.14 (m,2H aromatic); 
MS-FD M/e 494(hr); 



Anal. CalcdforC34H5iFO: 


Found: 


C, 82.54; 
C, 82.63; 


H. 10.39 
H, 10.46. 



Example 14 

Preparation of 4a-(4-bromobenzyl)cholestan-3-one 
24% yield; mp 163.0-1 65.8*'C (CHzaa/CHaCN); 

IR(CHa3)br1705cm-i; _ 
NMR 300MHz (CDCI3) 8 0.68{s.3H. methyl). 0.87(d,J=6.6Hz.6H). 0.91{d.J=6.5Hz.3H.). 0.70-1.60(m.22H), 
1.07(s.3H.methyi). 1.72-1.92(m,3H). 1.97-2.08(m,2H). Z29 (brd. J=9.1 Hz. 1H). 2.41 (dd. J=15.2. 7.1 Hz. 1H). 
2.52-2.56 (m.1 H). 2.79 (dd, J.14.2. 3.1 Hz. 1H). 2.93(dd. J=1.42. 7.4 Hz, 1H), 7.07 (d.J=8.2 Hz, 2H aromatic). 
7.35(d,J=8.3Hz.2H aromatic); 

MS-FD M/e 556(M*); 



Anal. Calcd for C34H6,BrO: 


Found: 


C. 73.49; 
C. 73.72; 


H. 9.25 
H. 9.28 



Example 15 

Preparation of 4a-(4-iodobenzyl)cholestan-3-one 
17.3% yield; mp 161.5.163.0»C (CHzaj/CHaCN); 
IR(CHa3) 1705 cm-1; 

NMR 300MHz (CDCI3) 5 0.68(s,3H. methyl), 0.87{d.J=6.6Hz.6H), 0.90(d.J=6.8Hz,3H.). 1.07(s.3H.methy!). 
0.70-1.60(m.22H). 1.71-1.86(m.3H). 1.97-2.05 (m,2H). 2.29 (brd, J=11.8 Hz, 1H), 2.43 (td, J=13.9, 6.4 Hz. 1 H). 
2.49-2.58 (m.1H). 2.78 (dd. J=14.2. 2.8 Hz. 1H). 2.92(dd, J=14.2, 7.3 Hz. 1H). 6.95(d. J=8.2 Hz. 2H aromatic). 
7.55(d.J=8.2Hz.2H aromatic); 
MS-FD M/e 602(1^); 



Anal. Calcd for C34H51IO: 


Found: 


C. 67.76; 
C. 67.98; 


H. 8.53 

H. 8.59 



Example 16 

Preparation of 4a-(4-trif luoromethylbenzyl)cholestan-3-one 
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22% yield; mp 1 65.0-1 66.(y»C (CHaaj/CHaCN); 

NMr"{CD^^^ methyl), 0.87(d,J=6.6Hz,6H). 0.91(d,J=6.5Hz,3H.). 1-09 (s,3H. methyl) 0.70- 

1 mm 22H) 1.73(m^). 1.73-1.87(m.3H). 1.96-2.07(m,2H). 2.31 (br d. J=12.0 Hz. 1H). 2.44 (td. J=14.0. 6.4 
Hz. 1 H). 2.56-2.63 (m,1H). 2.86 (br dd. J-14.2. 3.0 Hz. 1H). 3.05(dd. J=14.2. 7.6 Hz, 1H). 7.31 (d.J=8.1 Hz, 2H 
aromatic). 7.49(d. J=8.1 Hz,2H aromatic); 
MS-FD M/e 544(M^: 



Anal. Calcd for C35H51F3O: 


Found: 


C.77.17; 

C.77.46; 


H, 9.44 
H. 9.60 



*' Example 17 

Preparation of 4a-(4-methoxycart)onylbenzyl)cholestan-3-one 

ShS^Hn'mrJcDQ,. ppm) 8 0.67(s.3H. CH,). 0.87 (d.J=6.6Hz.6H. -CH(CH,W. 0.90(d.J=6.8Hz.3H. 
» -CH(CH^). 1.08(s.3H. -CH,). 0.70-1. 66(m.22H). 1.66-1.92(m.3H). 1.92-2.10(m. 2H). 2.26-2.35(m.1H). 
2 44<td J=13.9 Hz. 6.2Hz. 1H). 2.55-2.65 (m. 1H). 2.87 (dd. J=14.2Hz: 3.2Hz. 1H). 3.06{dd.J=14.2 Hz; 7.4Hz. 
1H). 3.90(8. 3H. -COaCHs). 7.27 {d.J=8.11Hz. 2H). 7.91(d.J=8.1Hz. 2H). 

Mass(M/z. F[y):534(M*): 



Elemental Anal.: Calcd for C3eH5403: 


Found: 


C. 80.85; 
C, 81.01; 


H. 10.18 
H 10.05 
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Example 18 

Preparation of 4a-(4-ben2yloxylienzyl)choleslan-3-one 
35 12.5% yield; mp 175.0-178.0»C (CH2a2'CH3CN); 

NMr"Som2^^^ 6 0.68{s.3H. methyl). 0.87(d.J=6.6Hz.6H), 0.91(d.J=6.5Hz.3H.). 0.70.1.62(m.22H). 

1 70-1.90(m.3H), 1.95-2.08(m.2H). 2.28(br d. J=14.6 Hz. 1H). 2.35-2.58(m.2H). 2.80 (br dd. J-14.4. 3.2 Hz. 1 H). 
2!93(dd. J=14.0. 7.0 Hz, 1H). 5.03 (s. 2H. benzylic). 6.86(d.J=8.5Hz^H). 7.10(d.J=8.5 Hz. 2H). 7.36- 
40 7.50(m,5H, aromatic); 

MS-FD M/e 582(rr); 



Anal. Calcd for C41H58O2: 


Found: 


C. 84.48; 
C. 84.58; 


H. 10.03 
H, 10.07 



Exampl e 19 
50 ^ 

Preparation of 4a-(4-trif luoromethoxybenzyl)cholestan-3-one 

14% yield; mp 128-1 30«C (CHia^/CHaCN); 

IIir'S^I^^ 3H. methyl). 0.87 (d. J=6.6 Hz. 6H). 0.91 (d. J=6.5 Hz. 3H). 1.08 (s. 3H. methyl). 0.70- 
^ 1 66 (m 22H), 1.73-1.87 (m. 3H). 1.96=2.07 (m. 2H). 2.26-2.36 (m. 1H), 2.39-2.61 (m. 2H). 2.81 (dd. J=14.2. 
2.7 Hz. 'lH). 2.98 (dd. J=14.3. 7.5 Hz. 1H). 7.07 (d. J= 8.4 Hz, 2H. aromatic). 7.21 (d. J=8.6 Hz. 2H. aromatic): 
MS-FD m/e 560 (M*); 
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Anal. Calcd. for C36H61F3O2: 


Found: 


C. 74.96; 
C. 75.00; 


H. 9.17 
H, 9.09 



Example 20 



IS 



Preparation of 4a-(4-chlorobenzyl)cholestan-3-one 
37% yield; mp 157-1590C {CHjOyCHiCN): 

Sip (Sa J^O^^^ 3H. methyl). 0.87 (d. J=6.6 Hz. 6H). 0.91 (d. J=6.5 Hz. 3H). 107 (s 3" -nethyl). 0 72- 
V 68 (m 22m 1.7^1.87 (m. 3H). 1.96-2.07 (m. 2H). 2.26-2.36 (m. 1H). 2.39-2.61 (m. 2H). 2.81 (dd. JM4.2. 
2 fhT'lH^ 2 98 (dd. J=ir3. 7.4 Hz. 1H). 7.12 (d. J= 8.4 Hz. 2H. aromatic). 7.20 (d. J=8.3 Hz. 2H. aromafc); 



Anal. Calcd. for CasHsiOO: 


Found: 


C, 79.88; 
C, 79.78; 


H, 10.06 
H. 10.15 
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Example 21 

Preparation of 4a-(3.4-dichlorobenzyl)cholestan-3-one 
9% yield; mp 156-158X (CHjaj^CHsCN); 

NMR (CD^^^^^^ 3H, methyl). 0.87 (d. J=6.6 Hz. 6H). 0.91 (d. J=6.5 Hz, 3H). 1 .07 (s. 3H. methyl). 0.72- 
1.73.1.87 (m. 3H) 1.96-2.07 (m. 2H). 2.2^2.36 (m. 1H). 2.39-2.61 (m 2H). 2.81 (dd. J=14.2. 
2.7 Hz, 1H). 2.98 (dd. J=14.3. 7.5 Hz, 1H). 7.01-7.04 (m, 2H. aromatic). 7.25-7.36 (m. 2H. aromatic); 



Anal. Calcd. for C34H50CI2O: 


Found: 


C. 74.84; 
C. 75.07; 


H. 9.24 
H. 9.31 
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Example 22 



Preparation of 4a-ben:^cholestan-3a-ol. 

Reduction with diisolMJtylalumimim hydride. ^ ^ . . 

Asolutlon of dilsobutyl aluminum hydride (1.0M In toluene. 0. 31 ml. 0.31 mmol) was added dropwKe to a 
stirred solution of 4a-benzylcholestan-3-one (159mg. 0.33 mmol) in 6 ml dry methylenecMonde 8t -78«>C under 
an argon atmosphere. The resulting mixture was stirred at -78-C for 30 min before it was allowed to warm up 
to O'C where it was quenched wfth 5 ml of IN HCI(aq.) and 10 ml diethyl ether. The biphase morture ^ 
stirred vigorously for 30 min. The organic layer was separated and washed sequentiany w.th 5 ml saturated 
aqueous sodium bicarbonate and 5 ml brine, dried over anhydrous MgS04 filtered and concentrated The re- 
Jdue was subjected to MPLC separation on sDica gel (n-hexane -» 15% ethyl acetate/n-hexane m elueril) to 
give 45.0 mg (28% yield) of the desired 4a-benzylcholestan-3«-ol and 85.0 mg (53% y»ld) 4a-benzylchole- 
stan-3^-oi. 

28% yield; mp 145.0-146.000 (CHzaj/CHjCN); 

ITr 300 SIScSS;) 8 0.64(s.3H. methyl). 0.82(s.3H. methyl) -^^^-S^^^^")' 

0.70-1.90(m.30H). 1.90-2.00(M.1H). 2.37 (br t. J=12.0 Hz. 1H). 2.85(dd.J=13.1; 4.5 Hz. 1H). 3.46 (brd. J-1.9Hz 

1H). 7.10-7.32(m,5H); 



45 
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MS-FDm/e478(M^; 



10 



15 



20 



Anal. Calcd for C34HS4O: 


Found: 


C, 85.29; 
C, 85.59: 


K 11.36 
H. 11.72 



By substantially following the procedures described in Example 22, the compounds of Examples 23 
through 27 were prepared. 

Example 23 

Preparation of 4a-(4-f Iuoroben2yl)cholestan-3a-ol 
27% yield; mp 174.0-175.5*»C (CHjaj/CHaCN); 

LTr"^ i^^^^^^^^^^ 0.64(s.3H, methyl). 0.81(s. 3H. methyl). 0^^<i.^^f^^ Vh^'lT^^;^^ 
0 65-1.90(m.30H). 1.95(br d. J=11.7 Hz. 1H). 2.37(br t.J=12.3Hz. 1H). 2.80 (dd. J=13.2. 4.4 Hz. 1H). 3.44(br 
d'. J=2.0 Hz. 1H). 6.94(t.J:=8.5 Hz. 2H aromatic). 7.15 (dd, J=8.1. 6.7 Hz, 2H aromatic); 
MS-FDM/e 497(1 +M^; 



Anal. Calcd for C34H63FO: 


Found: 


C, 82.20; 
C, 82.23; 


H. 10.75 
H. 10.83 



30 



35 



40 



Example 24 

Preparation of 4a-(4-bromobenzyl)cholestan-3a-ol 
41.5% yield; mp 177.0-178.0-C (CHiaj/CHaCN); 

NmT3^MH?(OT 6 0.65(s.3H. methyl). 0.81 {s.3H. methyl) 0.85(d. J=6.5 Hz. 6H). 0.89(d. J=6.4 Hz. 3H). 
a?W.M Im 30^ l'96(br d. J=12.0Hz, 1H). 2.32.2.40{m.1H). 2.78(dd.J=:13.2. 4.7Hz. 1H). 3.43(d,J=2.5 Hz. 
1H). 7.08(d, J=8.2Hz. 2H aromatic). 7.37(d.J=8.2Hz. 2H); 
MS.FDM/e558(fwr); 



Anal. Calcd for C34Hs3BrO: 


Found 


C. 73.22; 
C, 73.34; 


H. 9.58 
H. 9.49 



45 



SO 



Example 25 

Preparation of 4a-(4-iodobenzyl)cholestan-3a-ol 
37.3% yield: mp 187.0-188.5-C (CHzaa/CHjCN); 

Sr"^^^ 5 0.67(s.3H. methyl). 0.83(s,3H. methyl) 0.88 (d.J=6.6 Hz. 6H). 

0 70-1.90 (m.30H). 1.98 (br dd. J=11.9Hz. 1H). 2.37(br t. J=12.2Hz, 1H). 2.80 (dd.J=13.2. 4.4Hz. 1H). 3.46(br 

d.. J=2.4Hz, 1H). 7.0(d.J=8.1 Hz, 2H aromatic). 7.59(d.J=8.1Hz.2H aromatic); 

MS-FDM/e604(M^); 
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Anal.CalcdfcM'C34H5slO: 


Found: 


C. 67.53; 
C. 67.58; 


H, 8.84 
H. 8.96 



Example 26 

Preparation of 4a-(4-trif Iuofomethytbenzyl)cholestan-3o-ol 
33% yield; mp 174.5-175.5^0 (CH2a2'CH3CN); 

0 70-1.90(M.30H). 1.94-1 .99(m.1H). 2.48 (br d. J=12.1 Hz. 1H). 2.88 (dd. J=13i 4.3 Hz. 1H). 3.40 (bra. J-Z.4 
Hz, 1H). 7.31(d. J=7.9 Hz 2H aromatic). 731 (d J=8.0 Hz. 2H aromalic); 
MS-FD M/e S46(M^): 



Anal. Calcd for C35H53F3O: 


Found: 


C, 76.88; 
C, 76.96; 


H. 9.77 
H. 9.83 



Example 27 

Preparation of 4a-{3.4-dichlorobenzyI)cholestan-3a-ol 
12.5% yield; mp 168-170*0 (CHjayCHgCN); 

NMMCOa jT^i7(s. 3H. methyO. 0.84 (s. 3H. methy.). 0.88 (d J=6.5 Hz, 6^J. 0.91 (d. ^^-3 •Jj JH, 
1.90 (m. 30H). 1.95-2.03 (m. 1H). Z4^ (br. t. J=11.7 Hz. 1H). 2.79 (dd. J=13.0. 4.3 Hz. 1H). 3.46 (br s. 1H). 
7.05-7.15 (m. 1H. aromatic). 7.33-7.40 (m. 2H. aromatic) 



Anal. Calcd. for C34HS2CI2O: 


Found: 


C, 74.56; 
C, 74.80; 


H. 9.57 
H, 9.42 



Example 28 

Preparation of 4a-(4-cyanobenzyl)cholestan-3a-ol 

Reduction with K-selectride (potassium tri-seo-butyl-borohydride , ^ ia.^ 

K-selectride (1.01^ in THF. 0.553 ml. 0.553 mmol) was added dropwise to a stirred solution 
nobenzyl)cholestan-3-one (154 mg. 0.307 mmol) in 4 ml dry THF at -20'C under an argon atmosphere. After 
TrS-S^. the reaction mixture was quenched with 500 pi acetic acid and allowed to warm up to ambjen 
temperature where tt was stirred for an additional 1 5 min. The suspension was filtered through a short pad of 
sili<rgel (ethyl acetate as eluent). the fractions containing product were collected and ""centra^ to gwe a 
^ite solid r^ldue which was recrystallized in acetonHrileADethylene chloride to g^e 135 mg (0.288 mmol. 
87% yield) 4a-(4-cyanobenzyl)cholestan-3a-oI. 

^S^S^MR'?C^^?pm) a 0.67(S.3H. CH3). 0.84 (s. ^'-^^'^-^''^^^^^ 
0.91(d.J=6.7Hz. 3H. -CHiCH^). 0.70-1.92 (m. 30H). 1.99 (''^f^.^oll^- ^J^JT^i^^ 
1H). 2.88(dd. J=13.1Hz. 4.4Hz. 1H). 3.39 (broad s. 1H). 7.34 (d. J=8.0Hz. 2H). 7.57(d. J=8.0Hz. 2H) 

Mass(FD0:5O3(M'): 
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Elemental Anal.: Calcd for C36H53NO: 


Found: 


C. 83.44; 
C. 83.14; 


H, 10.60, 
H, 10.67. 


N. 2.78; 
N2.85 



Example 29 

Preparation of 4a-(4-methoxycarl)onylben2yl)choiestan-3a-ol 

SS^S^^Sr^^^^^^ 8 0.67(s.3H. CH,). 0.84 (d.J=6.6Hz.3H. .C»{CH,n 0.88(d.J=6.6Hz.3H 
cSrc^.)-) 0 91(d >6.51?. 3H. -CH(CH3H 0.70-1.92(m. 30H). 1.98 (broad d. J=12.9Hz. 1H). 2.50{broad t. 
JS^l IHi^IS^Kdd. J=13.1 ►;z.4.6Hz.^^^^^ 
7.95 (d, J=8.1Hz. 2H). 
Ma88(FD):535{Kr-1); 



Elementary Anal.: Calcd for C36H56O3: 


Found: 


C, 80.54; 
C, 80.43; 


H. 10.51; 
H. 10.49 



Example 30 

Preparation of 4a-(4-trifluoromethoxybenzyl)cholestan-3a-ol 
48% yield; 

IS^R^^^^^^^ methyl). 0.82 (s. 3H. methyl). 0.85 (d. Hz. 6H) 0^9 ;f "^^^^^^^ 

1.90 (m. 30H). 1.94-1.99 (m. 1H). 2.48 (br t. J=12.1 Hz. 1H). 2.88 (dd. J= 13.2 H. 3 Hz. 1H). 3.40 (br d. J=2,4 
Hz. 1H). 7.08-7.15 (m. 1H, aromatic), 7.20-7.23 (m, 1H. aromafac); 
MS-FD m/e 562 (M*); 



Example 31 

Preparation of 4a-(4-chlorobenzyl)cholestan-3a-ol 

KcDCIa) 5 0.67(3. 3H. methyl). 0.84 (s. 3H. methyl). 0^8 (d J=6^5 Hz 

0 70-1.94 (m. 30H). 1.96-2.03 (m. 1H), 2.40 (dd. J=13.1. 11.3 Hz. 1H). 2.82 (dd. J= 13.2. 4.6 Hz, 1H). 3.46 (br 
d. J=2.5 Hz. 1H). 7.15 (d. J= 8.3 Hz. aromatic). 7^4 (d. J=8.2 Hz. aromatic) 



Example 32 

Preparation of 4a-(4-benzyloxybenzyl)cholestan-3a-ol 

By ^Jbstantially following the procedures of Example 28 and then Example 22, and ubiizing the compound Of 
Example 18. the tide compound was prepared. 
44.8% yield; mp 208.0-209.5'»C (CHzOJCHfiU); 

EXk^ (CD W 0.67(s.3H. methy.). 0.84(s.3H. methyl) O.B^t':t'T\lV!^'^f fJd 
1 90(m 30H) 2.0 (br d.. J=12.0Hz. 1H). Z35(br t J=11.3 Hz. 1H). 2.82 (dd. J=13.4. 4.4 Hz. 1H). 3.51 (br d. 
S »CVh. 5 oJ (8. 2H. benzyiic). 6.^2 (d. J=8.4 Hz. 2H. ammatic ). 7.13 (d. J=8.4 Hz. 2H. aromatic). 7.3(^ 
7.50 (m. 5H aromatic); 
MS-FD M/e 584(M0; 
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Anal. Calcd for C4iHeo02: 


Found: 


C, 84.19; 
C. 84.44; 


H. 10.34 
10.28 



Example 33 

10 Preparation of 4a-(4-hydroxymethylbenzyl)cholestan-3a-ol 

Asolutionofdiisobutylaluminumhydride(1.0M in toluene. 1.69 ml. 1.69mmol) was added dropwise to a stirred 
sdutJon of 4a-(4-methoxycart>onylbenzyl)cholestan-3-one(200mg. 0.375 mmol) in 6 ml dry THF at-10«C under 
an argon atmosphere. The resulting mixture was stirred at -10°C for 1 hr and then 5 ml IN Ha(aq) was added. 
The biphasic mixture was stirred vigorously at ambient temperature for 30 min. The organic layer was separated 

15 and the aqueous layer was extracted with methylene chloride (30 ml x 2). The combined organic layers were 
washed sequentially with 3 ml saturated NaHCO,(aq) .3 ml HjO and 3 ml bilne, dried overanhydrous magne- 
sium sulfate, f Htered and concentrated. The residual white solid was dissolved in a small amount of THF/CHaQj 
(1 ml), then subject to MPLC separation on sflica gel (ethylacetatertoiuene : 10% 35% as eluent) to give 
59 0 rrig (0.11 mmol. 31% yield) 4a-(4-hydroxymethylbenzyl)-cholestan-3a-ol and 131 mg (0.258 mmol. 69% 

20 yield) 4a-(4-hydioxymethylbenzyl)cholestan-3p-ol- Both were recrystallized in acetonitrile to give white nee- 
dles. 

3o£lllt'iHNMR?:D^^^ ppm) 8 0.67(s.3H. CHj). 0.84 (s. 3H. -CH,). b.88(d. J=6.6H2, 6H. -CH(CH3)2). 
0 91(d J=6.5Hz. 3H. -CH(CHa)). 0.70-1.90 (m, 31 H). 1.98 (broad d. J=12.0 Hz. 1H). 2.41 (dd. J=13.0H2. 1H). 
25 2!87(dd, J=1 3.3Hz. 4.6Hz. 1 H). 3.48 (d. J=2.0Hz. 1H). 4.67(s. 2H). 7.22(d. J=8.0Hz. 2H). 7.29(d. J=8.0 Hz. 2H). 
Mass (Fir):508(M*); 



Elementary Anal.: Calcd for C35H6e02: 


Found: 


C. 82.62; 
C. 82.87; 


H. 11.09; 
H. 11.27 



Examp le 34 
35 

Preparation of 4a-(4-cart>oxybenzyl)cholestan-3a-ol 

An amount 0.784 ml of 2N UOH(aq) was added to a stirred dear solution of 4a-(4-methoxycart)onyIben- 

zyl)cholestan-3a-ol (84.0g. 0.157 mmol) In a solution of THF (4ml)/CH30H(1 ml) at ambient temperature. The 

resulting suspension was heated to reflux for 1 hour under nitrogen atmosphere. At ambient temperature the 

^ reaction mixture was treated with a 1 .8 ml of 1 N HCI{aq), followed by 30 ml H2O. The resulting white precipitate 

was f Utered off and washed with H2O. After drying in a vacuum oven at 60*»C for 1 hour, 84.1 mg (0.142 mmol, 

yield 90%) of the desired product as a white solid was obtained. 

IR(CHa3, cnr^): 3620. 1690 

300MHz iH NMR(CDCl3, Ppm) 6 0.67(s.3H. CH3), 0.85 (s. 3H, -CH3), 0.88(d. J=6.6Hz, 6H, -CHCCHajj), 
^ 0 91(d J=6.5Hz. 3H, -CHCCHj)-). 0.70-1.90 (m, 31H), 1.99 (broad d. J=12.0, 1H). 2.53 (broad t J=12.1 1H), 
2.92{dd. J=13.3Hz. 4.4Hz, 1H). 3.44 (broad s. 1H), 7.34 (d. J=8.1 Hz, 2H), 8.02(d. J=8.1 Hz. 2H) 
Mass(FD):522(M> 505 (M*-OH); 



Elementary Anal.: Calcd for 


C36H64O3C4H80(THF): 






C. 78.74; 


H, 10.50; 


Found: 


C, 78.43; 


H, 10.34 
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10 



IS 



30 



Example 35 

Preparation of 4a-(4-hydioxybenzyl)cholestan-a^»ne 

SS5r^?(1M STSladiiim on carbon was added to a stirred solution of 4«-<4-benzy1oxybenzyl)chole8lan- 
5^^0rrS'S'«-)in8n''THFatambienttBmperatu.Bunderan^^^ 

iS^hydl^ was introduced ftom a balloon f nied with hydrogen. The reaction mixture was st-rred unde^ hy- 
d^en a^P^te overnight After filtration th«,u9h a short pad of Celite®. the filtrate was wnoerrtrated and 
t!^Z^!XaL recr%ized from toluene to yield 400 mg (62% yield) 4«-(4-hydroxybenzyl)chole8tan. 

3-on& 

53% yield; mp 234.0-236.0»C (CH2CI/CH3C^4): 

A 1 72-1 90 im 3H) 1 96-2.08 (m. 2H), 2.28 (brd., J=8.9. 1H). 2.35-2.55(m, 2H). 2.B0(0a. j-14.;j, 

i^5J?/2if(dli!?=S^^^^^^^^ 

Hz, 2H, aromatic); 
MS-FDM/e492(M^); 



Anal. Calcd for C34H52O2: 


Found: 


C. 82.87; 
C. 83.11; 


H, 10.64 
H, 10.41 



30 



Example 36 

^^!2j^,mZi,<>S^ h,«l<, to yiew *2» yteW or 4<H4-IW*o«>l>«<W)el>«'»«'<-*>-<- 
44% yield of 4a-(4-hdyrQxybenzyl)cholestan-3M- 
42% yield; mp decomposes at 215.0^ (EA/CH3CN); 

LS^MHz^DW 0.67(S.3H). 0.84(2. 3H. methyl). 0.88(d.J=6.6Hz. 6H). 0.91(d.J=6.4 Hz 3H) 0.70- 
1Zmim^2.0 (br d. J=11.9 Hz. 1H). 2.33(br t. J=11.3 Hz. 1H). 2.81 (dd. a=13.5. 4.4Hz. 1H). 3.51(br d. 
J^SWe. 1H). 6.76(d. J=8.2H2. 2H. aromatic). 7.08(d. J=8.2Hz. 2H. aromatic): 
MS-FDM/e494(M*): 



Anal. Calcd for C34H54O2: 


Found: 


C. 82.53; 
C. 82.73; 


H, 11.00 
H. 10.72 



45 Example 37 

''TS;;'r.^ier^™ 

was hSted to lef lux under nitrogen with continuous removal of water for 24 hours. The reacbon mudure was 
« ^^^c^^t^ in^ to drynS to give 34.9 fl (79.0 mmd. 100% yield) of 3.pyrrolldln«^3.5.cholestad.ene. 

~ suf Je'nsion of 3-pyrro.idlnc.3.5-cho,estadiene (438 mg. 1 .00 mmol) ami benzyl Jromide (17M. 

1 50 mmol) In 6 Z dry DMF was heated In an oil bath at 180-C under Argon for 2 hours, then the o.l bath 

impT^ra was cooled down to ~100-C. To the raacBon mixtura was added 4 ml water and 3 ml d.oxane. 

55 ^i^^uTg mixture was stirred at 100-C for 1 .5 hour before it was allowed to cool down to amb.ent temper- 

IJ^^Jh«- 20 ml. and 20 ml water were added to the mixture. The organic layer was separate and the aqu- 

eous'layer was extracted with ethyl ether (20 ml x 2). The combined organic '^y^'^^;;^;;'^^.^^ 
SS.dLoveranhydrou8MgS04. filtered and concentrated. The oily residue was subjecttoMPLCseparat.^ 
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10 



on siica gel (ethyl acetate/n-hexane: 10 -> 20% as duent) to give 252 mg (0.532 mmol. 53% yield) 4.benzyl- 
4-cholestan-3-one as a colorless viscous oO. 
mp: oily product 

Sz"^ NM^DCU^ ppm) S 0.71(s.3H. CH3). 0.87 (d. J=6.4Hz. 6H. -<;H<CH^^^^^^^ 

-CHCHr) 1 23 (s. 3H. -CH3), 0.77-1.65{m, 19H). 1.65-1.95 (m, 3H). 1. 95-2.1 9(m.3H). 2.40-2.59(m. 2H). 

2.76(broad d, J-14.7 Hz, 1H). 3.70(d, J=15.4 Hz, 1H). 3.76 (d, J=15.4 Hz, 1H). 7.09.7.30(m. 5H).c 

Mass(M/Z. FAB): Calcd for C34HB1O (M*+1)475.3940;: 

Elementary Anal.: 

Found: C, 475.3935 



IS 



20 



25 



30 



35 



Example 38 

Preparation of 4-benzyl-4-cholesten.3a-ol ^ ^ ^ . , 

4a.l)enzyl-4-cholesten-3-one(213 mg. 0.449 mmol) from Example 37 was reduced as described previously, 
using diisolHitylalumlnum hydride to give 21.5 mg (0.0452 mmol. 10% yield) 4a-benzyl-4.cholesten-3a-ol and 
189 mg (0.397 mmol. 88% yield) 4a-l>enzyl-4-cholesten-3M. both as colorless viscous oils. 

SSfrt iH*J^^^ ppm) 6 0.65(s,3H. CH3). 0.89 (d. J=6.6Hz, 6H. -CH(CH3)2). 0.92(s. 3H, -CH3 0.97 (d. 

J=6 5 Hz, 3H -CH(CH3)-). 0.68-1.65 (m. 25H). 1.71-1.86(m,2H). 1.95 (broad d. J=12.4 1H). 2.50(broad d, 
J=14.2Hz. 1H). 3.50 (d. J=15.6 Hz, 1H). 3.56 (d, J=15.6 Hz, 1H), 3.79 (s. 1H). 6.98-7.16 (m. 5H) 
Mass 475 (M*-1); 

Example 39 

PrepafBtionof4a-(2-propenyl)-5-cholesten-3-one 

By substantially foBowIng t he procedures described above in Example 37 and using allyl bromide as a reaclant, 

the tWe compound vvas prepared. 

10% yield; mp 77-78.5«C (CHzCla/CHjCN); 

NMR (de-benzene) 5 0.58(s. 3H, methyl), 0.85 (s, 3H. methyl). 0.86 (d. J=6,8 Hz, 6H). 0.94(d. J=^4 Hz 3H). 
0.70-1.59 (m, 21H). 1.70-2.10 (m.5H), Z20-2.33 (m. 1H). 2.78^2.91 (m. 1H). Z93-3.0 (m. 1H). 4.96-5.09 (m. 
2H); 5.23-5.29 (m, 1H); 5.87-6.02(m. 1H); 
MS-FDm/e424(M^; 



Anal. Calcd. for C3oH480: 


Found: 


C, 84.84; 
C, 85.09; 


H, 11.39 
H, 11.71 



40 



45 



SO 
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Example 40 

Preparation of 4a-(2-propenyl)-5-cholesten-3a-ol 

By substantially following the procedures described in Example 28, the tide compound was prepared. 

NMR^CDCIa) 6 0.66(s. 3H. methyl). 0.85 (d. J=6.6 Hz. 6H). 0.90 (d, J=6.6 Hz. 3H). 1.02 (s, 3H. methyl). 0.70- 
2.43 (m, 30H). 3.89 (br s. 1H). 4.96-5.13 (m, 2H), 5.35-5.46 (m. 1H). 5.76-5.93 (m. 1H). 

Example 41 

Preparation of 4.cholesten-24-N.N-dimethylamide-3-one: 
The compound 4a-cholest.4-en-24-olc acid -3-one was prepared substantially according to the procedures de- 
scribed in Miyamoto, et aL, Synthetic Communications. 16. No. 5. 513-521 (1986) and Demir. et aL. Organic 
Prep and Proc. International. 19 (2-3). 197-208 (1987) which are incorporated herein by reference. 

A-5X solution of 4a-cholest-4.en-24-oic acid -3-one (2.5g. 6.71 mmol) in dry methylene chlonde (20.0 
ml) was treated with N-methyl-morpholine (2.58 ml. 23.49 mmol) followed by isobutyichloroformate (1.05 ml. 
8.1 mmol). The suspension was stirred for 45 minutes and then N.N-dimethylamine hydrochlonde salt (l.lg, 
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13 42 mmol) was added. The reacfco was sHrred for 45 minutes then diluted with 40 ml CHzClj. The reaction 
mixture was filtered over a pad of Celite® and then the organic material was washed with 30 ml distiHed watw; 
then brine (30 ml). The dried organic was then filtered, and concentration of the filtrate yielded a yellow solid 
which was subjected to flash-chiomatography (60% EtOAcftol to 80% EtOAcftol) to afford the desirwl com- 
s pound (2.51g. 6.73 mmol. 04%) as a solid. Crystallization from CHjCiyEtOAc and hexane gave an off-white 
solid, mp 173-174.5''C. 
IR (CHCI ) 1632 1047 cni"^* 

1HNMR (cbaa) 6 0.72(s. 3h\ methyl). 0.95 (d. J=6.4 Hz, 3H. methyl). 1.19 (s. 3H. methyl). 0.74-2.5 (m. 25H). 
2,9 (br s, 6H), 5.73 (s. 1H, vinyl); 
10 MS-FD m/e 399 (M*); 





Anal. Calcd. for C26H41NQ2: 






C. 78.15: 


H, 10.34, 


N. 3.51 


IS 


Found: 


C. 78.39; 


H, 10.31, 


N. 3.71 



Example 42 

^ Preparation of 4a-(2-propenyl)-cholan-24-N.N-dimethyl amide-3-one. 

4a42-propenyl)-chDlan-24.N.N-dimethylamide-3-one (420 mg. 0.95 mmol.. 38% was prepared according 

ID the procedures descrit>ed in Example 22 from 4^holesten-24-N.N.dimethyl amide-3-one (1.0 g. Z5 mmol). 

lithium wire (38 mg. 5.5 mmol) distilled liquid ammonia (15 mO. tertiary butyl alcohol (165 ^I.J.75 mmol) and 

ailyl bromide (650 7.5 mmol) dissoWed In dry toluene (16 ml) and dry THF (25 ml.) at -78'C. 
^ 38% yield; mp83-85*C 

IR (CHQa) 1704, 1631. 1049 cnri; 

1HNMR (CDQa) 5 0.69(s, 3H. methyl). 0.94 (d. J=6.4 Hz, 3H. methyl). 1.06 (s. 3H, methyl). 0.71-2.56 (m. 29H). 
2.98 (br s 6H). 4.95-5.06 (m, 2H vinyl), 5.70-5.86 (m. 1H vinyl). 
MS-FD m/e 441 (M*); 



Anal. Calcd. for C29H47NO2: 


Found: 


C. 78.86; 
C, 79.06; 


H. 10.73. 
H, 10.85, 


N, 3.17 
N. 3.10 



Example 43 

40 Preparation of 4a-(2-propenyl)-cholan-24-N,N-dimethylamide-3a-ol. 

4a-(2-propenyl)-cholan-24-N.I»4-dimethyl amide-3a-ol (92 mg. 0.20 mmol. 46%) was prepared according 

to the procedures described in Example 28 using 4a-(2-propenyl>-cholan-24-N.N-dimethylamlde-3-one (200 

mg. 0.45 mmol). and 1.0 M K-selectride (1.58 ml. 1.58 mmol) in dry THF (2.0 ml) at -78«C. 

53% yield; mp 218-22a'C (toluene); 
45 IR (CHCI3) 1631. 1052 cnr^; 

1HNMR (CDO,)* 0.66(s. 3H. methyl). 0.82 (s. 3H. methyl). 0.95 (d. J=6.4 Hz. 3H. methyl). 0.71-2.04 (m. 27H). 

2.16-2.46 (m. 3H). 2.99 (br s. 6H). 3.91 (br s. 1H). 5.00-5.16 (m. 2H. vinyl). 5.80-5.99 (m. 1H. vinyl) 

MS-FD m/e 443 (M*+1) 

50 Example 44 

Preparation of 4o-(2-propenyl)-cholan-24-N.N-dimethylamino-3o-ol. 

An ice-cold suspension of lithium aluminum hydride (26 mg. 0.69 mmol) in dry THF {2.0 ml) was treated with 
4a-(2-piopenyl)-cholan-24-N.N-dimethylamide-3a-ol (100 mg. 0.23 mmol) dissolved in dry THF (5.0 ml), and 
55 added to the reaction via cannula. The reaction was stirred 1 hour at O'C. quenched with 5.0 ml EtOAcfollowed 
by 2N NaOH (5.0 ml). The reaction mixture was stirred vigorously for 45 minutes, the phases separated and 
the oiganics washed with brine (4.0 ml), and concentrated in ^aam to solid. The solids were purified further 
with flash chromatography (CHCI, to 5% MeOH/CHCI, with 0.45% NEt.) to afford the desired compound 
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(BSmg. 0.198 mmol: 96%). Crystanization from CHjCN/CHjaj gem a white 80lld.(inp 146-148^). 

IhNMrSi^W w'ee (^^^ 0.82 (s. 3H. methyl).) 0.92 (d. J=6.4 Hz. 3H. methyl). 0.70-2.04 (m. 27H). 

2.2a-2.53 (m. 3H). 3.91 (br s. 1H). 5.00-5.16 (m. 2H vinyO. 5.80-5.98 (m. 1H. vinyl). 
5 MS-FDm/e429(M^+1) 



Example 45 

Preparation of 3a.(isobutyloxycarbonyioxy).12a-hydroxycholan-24-oxo-N.N-dimethylamide 
10 N-methylmorpholine (2.82 ml. 25.6 mmol) was added to a stirred suspension of deoxycholic aad (1.00 g. 
2 55 mmol) in 6 ml of dry CHjClj at ambient temperature under an argon atmosphere. The resulting cImt s* 
ution was cooled to O'C in an ice bath and then treated dropwise wHh isobutylchloroformate (1.02 n^l. 7.90 
mmol) to form a white suspension. After 45 nrunutes at 0»C. solid dimethylamine hydrochloride (624 mg 7.65 
mmol was added to the reaction mixtuiB and the reaction mixture was stirred at 0»C for an additional 2 hours^ 
18 The reaction mixture was diluted with 40 ml of EtOAc before it was f Ptered through a short pad 
(EtOAc as eluent). The filtrate containing the desired amide was concentrated jn vacuo to give a 
which was purified by flash column chromatography on silica gel (gradient EtOAc/n-hexane: 50% ^ 80%) to 
give 989 mg (1.91 mmol. 75%) of white solid. Recrystallization from CHjCla/n-hexane gave white crystals, mp 
156.0-157.0H;. 

M IR fKBrV 3418 (br). 2941. 2871 . 1747. 1632 and 1256 cnr^ 

KSio^^^^^ (s. 3H). 0.94 (s, 3H). 0.96 (d. J=6.8 Hz. 6H). 1.00 (d. ^^^^^Sf^^"^ 

282^2.3^2^ (m 1H). 2,47-2.33 (m. 1 H), 2.96 (s. 3H). 3.03 (s. 3H). 3.91 (d. J=6.7 te, 2H). 3.99 (br s. 
1H). 4.66-4.52 (m, 1H) 

Mass (FAB): 520 (M"+1). 519 (M*) . _ ^ , c a« at 

25 By substantially following the procedures described in Example 45. the compounds of Examples 46. 47. 

48 and 49 were prepared. 



Example 46 

30 Preparation of 3a-(lsobutyloxycarbonyloxy)-cholan-24-oxo-N.N-dimethylamlde 
Formula weight 503.65 
C31H66NO4 
iHNMR(CDCl3) 



35 Example 47 

Preparation of 3a-(isobutyloxycarbonyloxy)-7a-hydroxy.cholan-24^xo-N.N-di^^^ 
Yield 76% (foam) 

IR (Film): 33420 (br). 2940. 2870. 1730. 1630 and 1255 cnrri ^ «o 

1HNMR (300 MHz. CDO^: 0.65 (s. 3H). 0.91 (s. 3H). 0.93 (d. J=6.8 Hz, 6H). 0.94 (d. J=6.3 Hz. 3H). 2.03-1I>0 
(m. 25H). 2.26-2.12 (m. 1H). 2.47-2.28 (m, 2H). 2.93 (s. 3H). 3.00 (s. 3H). 3.84 (brs.. 1H). 3.86 (d. J=6.7 Hz, 
2H) and 4.50-4.36 (m,1H) 

Mass (FAB): 520 (M*+1) CS1H64NO6. 520.4002 
Found 520.4001 



40 



45 



Example 48 

Preparation of 3a.(isobutyloxycarbonyloxy).7a.12a-dihydroxy.cholan.24-ox<>.N.N-dimethyte^^ 

rield 57% (gum) 
50 IR (Neat) 3420 (br), 1260. 1250. 780, and 760 cnri 

1HNMR (300 MHz. CDO^: 0.71 (s. 3H). 0.92 (s. 3H). 0.95 (d. J=6.7 Hz. 6H). 1.01 (d. J=6.3 Hz, 3H). 2 07-a^^ 
(m. 23H). 2.32-2.13 (m. 2H). 2.50-2.32 (m. 2H). 2.95 (s. 3H). 3.03 (s. 3H). 3.96-3.76 (m. 1H). 3.89 (d, J=6.7 
Hz! 2H). 4.05-4.96 (m. 1H), and 4.55^.35 (m. 1H) 
Mass (FAB): 536 (M^+1) . 535 (M*) 
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Example 49 

Preparation of 3a-(isobutyloxycarbonyloxy>-7p-hydroxy-cholan-24-oxo-N,N-dimethylamlde 
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1HNMR (300 MHz. CDQa): 0.64 (s, 3H). 0.91 (d. J=6.8 Hz, 9H). 0.92 (s. 3H), 2.00-0.80 (m. 26H), 2.24-2.10 
(m. 1H). 2.39-2.26 (m. 1H), 2.90 (s. 3H). 2.98 (s. 3H). 3.60-3.45 (m, 1H). (d. J=6.6 Hz, 2H), 4.56^.42 (m. 1H) 

5 Example 50 

Preparation of 3a, 12a-dlhydroxy-25-azacoprostane 

Lithkjm aluminum hydride (110 mg. 2.89 mmd) was added to a stirred solution of 3a-(isobutyloxycart)o- 
nyloxyV12a-(hydroxy)cholan-24-oxo N.IWimethylamide (300mg. 0.578 mmoi) in 6 ml of dry THF at O^C under 

10 argon TTie resulting daric gray suspension was stirred at 0«C for 2 hours. The reaction mixture was treated 
dropwise with 2 ml of methanol and 12 ml of 2N aq. NaOH sequentially, and then stirred vigorously at ambient 
temperature for 30 min. The mixture was extracted with EtOAc/CHzClj (3/1; 30 ml x 3). The combined organic 
layers were washed with saturated aq NaO (30 ml x 3). dried over MgS04. filtered and concentrated iQ 
The residue was subjected to flash column chromatography on sHica gel (gradient EtaN/CHsOH/CHaaa: 

15 0/1W90 5/10/85 10/10/80) to give 215 mg (0.531 mmol). 92% of white solid. 
Recrystallization from CH2a2'n-hexane gave white crystals, mp 240^0 (dec). 
Vield 92% 

IR (KBr) 341 8 (br), 2937. 2864 cmr^ ^ ^. 

1HNMR (300 MHz. CDO^): 0.69 (s. 3H). 0.92 (s. 3H). 1.02 (d, J=6.5 Hz. 3H). 2.00-1.00 (m. 28H). 2.81 (s. 3H). 
20 2.83 (s, 3H). 3,07-2.85 (m. 2H). 3.69-3.58 (m. 1H), and 3.99 (br s, 1H). 
Mass (FAB): 406 (M*+1). 405 (M^ 



Example 51 

2S Preparation of 3a-hydroxy-25-azacoprostane 
IR (KBr): 3379 (br). 1068, 1041 cnrr^ 

1HNMR (COaa): 8 0.72 (s. 3H. methyl). 0.79-1.00 (m. 6H). 1 .01-2.00 (m. 30H). 2.4-2.63 (m. 7H). 3.53-3.70(m. 
1H); 

MS-FD. m/e: 389 (M^) 

30 

Example 52 

Preparation of 3a,7a-dihydroxy-25-azacoprostane 
rield 94%; mp (CHaOH/EtjO): 196.0*C (dec) 
35 IR (KBr) 3355 (br), 2939. 2867 cnri . . 

NMR (300 MHz. CDCI3): 0.68 (s. 3H). 0.92 (s. 3H). 0.96 (d. J=6.5 Hz. 3H). 2.06-0.85 (m. 27H). 2.22 (J=12.4 
Hz, 1H). 2.57 (s. 6H). 2.75-2.42 (m. 2H). 3.58-3.40 (m. 1H). 3.87 (br. s, 1H) 
Mass (FAB): 406 (M*+1), 405 (M^ 



40 Example 53 

Preparation of 3a,7a,12a-trihydroxy^25-azacoprostane 
rield 92% mp (foam) 

IR(CHCl3): 3613. 3417 (br). 2945 and 2867 cnrr^ 
45 1HNMR (300 MHz. CDQa): 0.70 (s. 3H). 0.91 (s. 3H). 1.01 (d. J=6.4 Hz. 3H), 2.40-0.98 (m. 29H). 2.23 (s. 6H). 
3.55-3.40 (m. 1H), 3.90-3.82 (m, 1H). and 4.00 (br s. 1H) 
Mass (FAB): Calc for C26H4eN03. 422.3634 

Found: 422.3635 



so 


□era Anal. Calcd for (C26H47NO6 H2O) 






C. 71.03; 


H, 11.23; 


N. 3.19 




Found: 


C, 70.94; 


H. 10.93; 


N. 2.95 
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Example 54 

Preparation of 3a,7a-dihydroxy-25-azacoprostane 
Yield 83%; mp (CHaOH/CHzOa^tzO): 195«C 
IR (KBr): 341 3 (br). 2935, 2862 cnr^ 

NMR (300 MHz, CDCI3): 0.69 (s, 3H). 0.95 (d. J=6.5 Hz, 3H), 0.96 (s. 3H), 1 .98-0.95 (m. 27H). 2.02 (br d, J«12.1 
Hz, 1H). 2.38 (br s. 8H, CH2N(CH3)2). and 3.70 - 3.55 (m, 2H) 
Mass (FAB): Calc for C26H4eN02 406.3685 
Found: 406. 3697 

Example 55 

A. 

Preparation of 3.3-ethylendloxy-17-p-pentyloxycholest-5-ene 




(2,3) 



Testosterone. (14 g. 48 mmol), was mixed with toluene (100 mL). ethylene glycol (1 00 mL) and p-tolue- 
nesulfonlc acid monohydrate (1 .4 g. 7 mmol). The mixture was ref luxed with a Dean-Stark trap for 8 h. Con- 
centration in vacuo gave an oil that was mixed with EtOAc. washed with a saturated NaHCOs solution, dned 
over Na2S04. and concentrated under reduced pressure. The residue was purified by preparative silica gel 
HPLC (15-30% EtOAo-hexanes) to give 10.1 g (62%) of a colorless oi as a 4:1 mixture of isomers 2 and 3, 
respectively. ^H-NMR 




B. 

To a flask containing potassium hydride (0.72 g, 0.18 mmol) under argon was added dry DMSO (20 mL). 
The mixture was warmed gently until gas evolution stopped. To this was added a solution of isomers 2 and 3 
(4 g, 12.1 mmol) in dry THF (25 mL). This was cooled to 0*»C before adding pentyl bromide (2.7 g. 18 mmol) 
as a neat liquid all at once. After stirring overnight at ambient temperature, the reaction was poured into water 
and extracted with EtOAc. The extracts were washed with brine several times, dried over MgS04, then con- 
centrated under reduced pressure to a solid which was purified by flash chromatography (SiOz. 1 0-50% EtOAc^ 
hexanes) to yield 1.89 g starting material and 1.42 g (55%) of 4. ^H-NMR 
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Example 56 

Preparation of 3,3-ethylendioxy^17p-octy*oxycholest-5-ene 



10 



IS 




To sodium hydride (3 g. 76 mmol. 60% oi dispersion) which had been washed with hexanes under argon 
20 was added dry DMSO (50 mL). The mixture was warmed to 80»C untn gas evolution stopped. Cooled to 10-C 
and added a solution of isomers 2 and 3 prepared according to Example 55. part A, In dry THF (60 mL). Octyl 
bromide (7.34 g. 38 mmol. passed through neutral alumina) was added. The cxxriing bath was removed and 
the reaction was stirred at ambient temperature overnight The reaction mature was quenched with Hfi. ex- 
tracted with EtOAc. the organic layer washed with brine several limes and dried over MgS04. then concen- 
25 Hated under reduced pressure to a solid which was chromatographed (SiOz, 10-15% EtOAo-hexanes) to yield 
1.89 g of 5 as a white solid. ^H-NMR 

Example 57 

so Preparation of 3.3-ethylendloxy-17p-(4-methyipentyloxy)choIest-5-ene 



35 



40 




(6) 



To a flask containing potassium hydride (2 g. 50.6 mmol) and dry THF (20 mL) under argon was added a 
solution of isomers 2 and 3 prepared according to Example 55. part A. in THF (30 mL). The mixture was diluted 
with DMF (10 mL) and cooled to 0"C before adding 14)romo-4-methyl pentane (8.34 g, 50.6 mmol) dropwise 
and the cooling bath removed. After stirring for 2 h at ambient temperature, the reaction was quenched with 
50 H2O and extracted with EtOAc The organic extracts were washed with brine then concentrated under reduced 
pressure. The resulting solid was purified by flash chromatography (SiOz. 2.5-5% EtOAo-hexanes) to yield 3.65 
g (87%) of 6 as a solid. *H-NMR. IR. MS. Anal. (C27H44O3) C. H. N 
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Example 58 

Preparation of 17p-pentyloxy-4-cholesten-3-one 



5 



10 




(7) 



The compound of Example 55. part B. prepared according to the procedures described in Example 55 (4^ 
g 10 5 mmd) was mixed with acetic acid (66 mL). HjO (33 mL) and THF (50 mL). The resulting mixhjre was 
heated at 80»C for 3 h, concentrated in vacuo, mixed with toluene and reconcentrated under reduced pressure. 
The f«sidue was purified by flash chromatography (SiOa. 10-15% EtOAo-hexanes) to yield 3.6 g of starting 
20 material and 8.1 g (87%) of 7 as a white solid. ^H-NMR 



Example 59 

Preparation of 17p-octyloxy-4^holeslen-a<>ne 

25 



30 




(8) 



40 



The compound of Example 56, prepared according to the procedures described there (7 .6 g. 17.1 mmol) 
was mixed with acetic acid (75 mL). H^O (25 mL) and THF (50 mL). The resulting mixture was heated at 80«C 
for 5 h concentrated in vacuo, mixed with toluene and reconcentrated under reduced pressure. The residue 
was pilrified by flash chromatography (SiOj. 15% ElOAc-hexanes) to yield 6 g (87%) of 8 as a colorless oil. 



45 



SO 
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Example 60 

Prepa»a1ion of 17p-(4-n»ethylpentyloxy)-4-cholestei»-»K)ne 



10 



25 



30 



35 




f6 



The title compound was prepared by substantially following the pcocedures described in Example 59. 
20 ^7%).'H-NMR.IR.MS.Anal.(C27H«403)C.H.N 

Example 61 

Preparation of 4a-(2-propenyl)-17p-pentyloxycholestan-3-one 




pC,H„ 



(10) 

Ammonia (35 mL) was condensed into a flask containing lithium metal (0.2 g. 29 mmol) under argonby 
in™rrtt In a drv tee/acetone bath. Coding was continued with stirring for 10 min before adding dry THF 
^rfi*:^ b7at::t^?he compound Of Exampte 58 (3.44 g. 10 mmol) and H.O (130 8 -ol) 
n THF ( 5 mL) The cooling bath was removed and stirred for 10 min. Isoprene (2 mL). was added and the 
^b^rast'Lfor^m^he'nrecooledto-^^^ 

2^7 min before quenching with NH^O (2 g. 37 mmol) and H.O (10 mL). The organ.cs «*J 
dried oJm9S04 and concentrated under reduced pressure to an 0.1 wh.c^^^ 

matography (SiOz. 10-15% EtOAo-hexanes) to yield 0.94 g (24%) of 10 as an oil. 'H-NMR 



so 
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Example 62 

Preparation of 4a-(2-propenyl)-17P-oclyloxycholestan-3-one 




pCaH|7 



IS 

(11) 

Airmonia (25 mL) was condensed into a flask containing lithium metal (0.3 g. 44.2 mmol) under argonby 
immeSt Hi a dry ice/acetone bath. Cooling was continued with stirring for 10 min before adding dry THF 

of the compound of Example 59 (5.9 g. 15 mmol) and H^O (270 15 mmol) 
b) THF (20 mL). "^e cooling bath was removed and stirring was continued for 15 mm. Isoprene 2 mL). v«s 
idedaStheLctkH,mixta«serredfor10minthenrecooledto-78.A^^^ 
;3fsiZ«luedfbr8min before quenching with NH.a(5g^ 

^^d the oraanics extracted with EtOAc. dried over MgSO, and concentrated under reduced pre^Hire to an o I 
;;iw<* ^^rified by p^parative sPIca gel HPLC (5% EtOAo-hexanes) to yield 1.72 g (26%) of 11 as an oil. 
1H-NMR 

30 Example 63 

Preparation of 4o-(2-propenyl)-17p-(4-methylpentyloxy)cholestan-3-one 



35 



40 



50 




(12) 

By substantially foliowing the procedures described in Example 61. the title compound was prepared, 
(yield: 42%) 
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IS 



20 



Example 64 

Prearatkm of (3a. 4a. 5o)-17-{pentyloxyH-(2-propenyl)andiDStar>.3^ 



30 



35 



40 



45 



50 




1 H 



1 



(13) 



Toasolutlon of the compound of Example 61 (400 mg. 1 mmol) in dry THF (30 mL) under argon at 7BC 
^^dd^^^S^de®. (2 mU 2 mmol. 1 M in THF) dmpwise. The cooling bath was '^^'^J 
S,„ m^- vL stirred a! ambient temperature overnight Cooled in ice '^^M^" 
_jV Bi«H m ea 30% H,0, (0 68 mL) and 5 N NaOH (0.5 mL). concentrated In vacuo, and the reswue 
S^;dSrhSSLaiSe^T?e^^^^ 

^ to an on which was purified by flash duomatography (SK). 5% EK>Aj>.hexanes) to yeld 196 mg (24%) 
of 13 as a white solid, mp 74-75'C. 'H-NMR. IR. MS. Anal. (C^^j) C H. N. 



Example 65 



Preparation of (3«.4a.5a).17-(octyIoxyH-(2-pfopenyl)androstan-3-ol 




OC«H 



17 



55 



(14) 

TO a solution of the compound of Example 62 (.6 g. 1.4 mmol) in THF (10 mL) and EtOH (^0 •^)^ 
temiratu" was added NaBH. (0.1 g. 2.8 mmol). After stirring for 2 Mhe ^^^•j;^^ 
HO (3 mL) then concentrated in vacuo. The resulting solid was partihoned between 2 ^ ^aOH and EtO/^ 
^eor^ntelayerwasdrledoverMgS04and concentrated under reduced^^^ 
Tnash chrom'atography (SiO. 10% EtOAc-hexanes) to yield 118 mg of th^^ 

60-C. Anal. (C^H^Oj) C. H. N. Also recovered was 340 mg of the equatonal isomer. 3p-ol. mp 103-105 u. 
Anal. (CjoHaOz) C. H. N. 
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Example 66 

Preparation of (3a,4a)-17-[(4-methyipentyl)oxyl-4.(2-propenyl)androstan-3-ol 




(15) 

By substantially following the procedures described In Example 64. the title compound was prepared, 
(yield: 87%). mp 68.7rC. iR-NMR, IR. MS. {CsbHasM 

Example 67 

Preparation of (3a.4a>-17-(3-phenylpropoxy)-4-(2-propeny!)androstan-3-ol 



OTBS 




Testosterone (22.38 g. 77.6 mmol). imidazole (13.2 g. 194 mmol) and t-buty!dlmethylsllyl (TBS) chlonde 
(17 6 g 117 mmol) were combined with dry DMF (150 mL). and the mixture stirred at room temperature over- 
night The reaction mixture was quenched with H2O and extracted with EtOAc. The organic layer was washed 
with H2O 3 times and brine 3 times, dried over MgS04 and concentrated under reduced pressure to yield 30.5 
g (>100%) of 16 that was used without further purification. 
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OTBS 



10 



IS 



20 




i H 



(17) 



25 



(17) 



30 



35 



Ammonia (25 mL) was condensed into a flask containing lithium metal (1.2 g. 167 mmol) under argon by 
immersing It In a dry Ice/acetone bath. Dry THF (50 mL) was added and cooling continued while stirnng for 5 
min before adding a solution of 16 (30.5 g. 75.9 mmol) and t-butanol (5.7 mU 61 mmol) in THF (125 mL) The 
cooling bathwas removed andthe reaction mixture stirred for5mln.Anylb«^^^ 

followed by isoprene (10 mL) and stirring continued for 30 min. The leactlon mbcture was quenched wrth NH4CI 
(10 g. 187 mmol) and H^O. and extracted with EtOAc. The organic layer was dried ^«^^|J«9SQ4 and concen- 
tratS under reduced prLure to an oB that was purified by preparative silica gel HPLC (2% EtOAchexanes) 
to yield 15.5 g (35%) of the desired compound (17) as an oil. ^H-NMR 
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OTBS 



10 



IS 



20 




(18) 



25 



SO 



To a solution of 17 (15 g. 34 mmol) in dry THF (60 mL) under argon at -78-C was added K-Selectnde®^ 
(68 ml, 68 mmol. 1 M in THF) dropwise. The cooling bath was removed and the ^ 
at amWent temperature for 48 h. The reaction mixture was cooled in ice l«th. then quenched wrth 5 N NaOH 

mU and M% Hp. (15 mL). The cooling bath was removed and the reaction mbcture stirred at amjent 
Lperature fori h. The reaction mature was concentrated under reduced pressure, mix^ 

Sd wHh EtOAc. The o,ganic layer was dried over MgSO. and concentrated --f^^'^^^^^^l 
oil which was purified by preparative slica gel HPLC (5% EtOA«>hexanes) to yield 10.57 g (70%) of 18 as a 
white solid. 
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D. 

To a solution of 18 (10 g, 22.4 mmol) in CHjClj (50 mL) was added 3.4^ihydro-2H.pyran (5.7 g, 67.3 mmd) 
and pyridinium p-toluenesulfonate (0.6 g. Z4 mmol) and the reaction mixture stirred at room temperature over- 
night The mixture was concentrated under reduced pressure and partitioned t)etween EtOAc and HjO. The 
organic layer was washed with HjO then brine, dried over MgS04 and concentrated under reduced pressure. 
The residue was mixed wrth THF (50 ml) and treated with telra-n-butyl ammonium fluoride (112 mL, 112 mmol. 
1 M in THF) at 60"C for 18 h. The mixture was concentrated under reduced pressure, mixed with hexanes/ 
EtOAc (1/1) and washed with HjO several times. The organic layer was dried over MgSO* and concentrated 
under reduced pressure to give an oil which was purified by flash chromatography (SiOj. 10-15% EtOAc 
hexanes) to yield 9 g (97%) of 19 as an orf. fTHP" is tetrahydropyran-4-yl). 




E. 

To a flask containing potassium hydride (96 mg. 2.5 mmol) and dry THF (5 mL) under argon was added a 
solution of 19 in THF (10 mL). This mixture was cooled to 0*C and diluted with DMF (3 mL) before adding 1- 
bromo-3-phenyl propane (0.48 g. 2.5 mmol) as a neat liquid all at once. The cooling bath was removed. After 
stirring overnight at ambient temperature, the reaction was quenched with H2O and extracted with EtOAc. The 
extracts were washed with brine then concentrated under reduced pressure. The resulting oil was mixed with 
acetic acid (5 mL). H2O (2 mL) and THF (5 mL). This mfacture was heated at QO^C overnight then concentrated 
under reduced pressure. The residue was purified by flash chromatography (SiOa, 5% EtOAc-hexanes) to yield 
150 mg (86%) of 20 as a solid, mp 108-109X. ^H-NMR. IR. MS. (C3iH4e02) 
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Example 68 

Preparation of {3a,4a)-17.(phenylnneth0)cyH-(2-propenyl)androstai>-3^: 




(21) 

by substantially following the procedures of Example 67. the title compound was prepared, (yield: 62%). 
146-14r»C- ^H-NMR. IR. MS. Anal. (CagH^Oj) C. H, N 

30 

Example 69 

Preparation of (3c^4a).17-[(4,4K*imethylpentyl)oxyH-(2.propenyl)-andros^ 




§ H 

(22) 
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By substantially following the prt)cedures of Example 67, the title compound was prepared (yield: 98%). 
mp 139-14rC. 1H-NMR, IR, MS. Anal. (C29H80Q2) C, H, N 

Example 70 

Preparation of (3a,4a)-17-{butoxymethyl)-4-(2-propenyl)androstan.3.ol 



10 



15 



20 




(24) 



25 



30 



Bromine (18 g. 113 mmol) was added dropwise to a solution of NaOH (33.3 g. 832 mmol) in HjO (300 mL) 
at-5-C.TI»lct^wassBr«dfor15rninat-5-Cthendnutedwili,cold(12-C)d^^^^ 
was immediately added to a stirred mixture of progesterone (20 g. 64 mmol). doxane (1.1 L) and H^O (310 
mL) at 8-C. After stirring for 4 h whie keeping the temperature below 10-C. the mixture w^heated to reflux 
and a solution of Na^SO, (10 g. 79 mmol) in H^O (1 00 mL) was added. The mixture was neulralEed wrth cone. 
HCl (50 mL). cooled to room temperature, and extracted with EtOAc The extracts were ^°"<=«"^J^ 
and partitioned between 1.4 N NaOH (550 mL) and EtOAc. The aqueous layer was washed wrth EtOAc. aodh 
?fed with cone HCl and extracted with EtOAc. The extracte were dried over MgSO* and concentrated under 
reduced pressure to afford 17.68 g of 24 as an off-white solid (88%). 'H-NMR 




50 



Red-AI® (81 mL. 275 mmol. 3.4 M in toluene) was added dropwise to a solution of 24 (14.69 g. 46 mmol) 
in THF (500 mL) under argon at 0«>C. The cooling bath was removed After stirring at ambient temperature for 
2 h the reaction was quenched by the addition of 1 N HCl (600 mL) dropwise. It was then extiaded with EtOAc 
several times. The combined oiganiclayers were dried overNa2S04and concentrated under reduced pressure 

to yield 13.64 g (98%) of a solid. ^H-NMR 
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(26) 



IS 



c. 



To a mixture of 25 (1 3.3 g, 44 mmol) and CHCI3 (500 mL) was added MnOj (66.5 g. 0.74 mol). The reaction 
was stirred overnight at room temperature then concentiBted to half its origind volume under reduced pressure 
20 using a 55'C water t>ath. The mixture was filtered through Celite and concentrated to yield 13.3 g (quantitative) 
of26.iH-NMR 



25 



30 



35 




OTBS 



(27) 



40 



45 



D. 

The compound 26 (13.3 g, 44 mmd). imidazole (7.48 g. 110 mmol) and l-butyldimethy1silyl (TBS) chloride 
(10 g, 66 mmol) were combined with dry DMF (30 mL)and stirred at room temperature for 72 h. The reaction 
mixture was quenched with H2O and extracted with EtOAc. The organic layer was washed with H2O twice and 
brine 3 times, dried over MgS04 and concentrated under reduced pressure to yield 17 g of an ofl. This material 
was purified by flash chromatography (SIO2. 5-15% EtOAo-hexanes) to yield 10.42 g (57%) of 27 as an ofl that 
crystallized on standing. ^H-NMR 
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10 



16 




OTBS 



20 



(28) 



25 



30 



35 



40 



45 



50 



Ammonia (25 mL) was condensed into a flask containing lithium metei 0.42 g. 61.3 '""fj""^*^ 
by immersing i in a dry ice/acetone bath. Cooling was continued with shmng for 0 n,.n be^ addmg dry 
■mF (20 ml) followed by a solution of 27 (10.2 g, 24.5 mmol) and t-butanol (1.4 mU 14.7 mmol) JHF^ 
mL). L cooling bath was removed and the reacfion mixture and stirred for 10 f>-^^'^ 
cooled to -78-C and isoprene (5 mL) added. The reaction mixture was strred for 10 min beltore adding alM 
S^e (8 9 g. 74 mmol' Stirring was continued for 15 min then quenched with NH.CI{10 g. I^-""^)^ 
JS^nd extrilBd with EtOAc.Theo,ganiclayer was dried over MgS04 and concenlrat^^^ 
^ to an oil which was purified by flash chmmatography (SiO,. 2.5% EtOAc^hexanes) to y«ld 2.14 g (19%) 
of28asanoil.^H-NMR 



OTBS 




55 



(29) 
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(3a.4a).17-ni(1 ,1-dimetMethyl)diinethylsilyOoxy]methytH-(2-propeny))andros«an-3^ 

To a solution of 28 (2 g. 4.4 mmol) in dry THF (20 mL) under argon at -78«C was added K-Selectride® (2 
mU 2 mmol. 1 M in THF) dropwise. The cooling bath was removed and the ^^TjT^ J^^^^ 

temperature for 36 h. After cooling in an ice t)ath. the reaction mixture was quenched with 5 N NaOH (3 mL) 
and 30% H,0, (3 mL). The cooling bath was removed and the reaction mixture stirred at ambient 
for 1 h The reaction mixture was concentrated under reduced pressure, mixed with brine and extracted with 
EtOAa The organic layer was dried over MgSO* and concentrated under reduced pressure to an oil that was 
purified by flash chrematography (SiO,. 5% EtOAohexanes) to yield 1.09 g (54%) of 29 as a whte solid, mp 
160-161»C. 




To a solution of 29 (1 g. 2.2 mmol) in CHjCI^ (30 mL) was added 3.4^ihydro-2H-pyran (0.6 g. 6.6 mmd) 
and pyridinium p-toluenesulfbnate (55 mg. 0.22 mmol). The reaction was stirred at room temperature overnighL 
ooncentiated under reduced pressure, and partitioned between EtOAcand H^O. The organic layer was washed 
with HjO and brine then dried over MgSO, and concentrated under reduced pressure. The residue was m«ed 
with THF (25 mL) and treated with tetra-n-butyl ammonium fluoride (11 mL. 11 mmol. 1 M in THF) a^ "^^^^ 
perature for 2 h. The reaction was concentrated under reduced pressure, mixed with hexanes/EtOAc (1/1) and 
Irashed with H2O several times. The organic layer was dried over MgSO^ and concentrated under reduced pres- 
sure to give an oH that was purified by flash chromatography (SiO^. 10-15% EtOAc-hexanes) to yield 0.9 g 
(95%) of 30 as an oil (THP Is telrahydropyran-4-yl) 'H-NMR 
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OC4H0 



(31) 



To a flask containing potassium hydride (0.19 g. 4.75 mmol) and dry THF (5 mL) under aigon v«s added 
To a ""^"'"9 ^^T^. ' cooled to CC before adding butyl bromide (0.64 g. 4.6 mmol) 

Ll^t uld^^t oL iid"^ bath. Af.er slrHng for 1 h at ancient Um^rature. 

tte ri^on mXe was quenched with brine and extracted with EtOAa The exbads we«JJ««hed wrth bme^ 
d*^t mS. then Icentiated under .educed pressure. T1« resulting oil was punf .ed by flash chroma- 
tography (SiOi. 2.5% EtOAo-hexanes) to yield 355 mg (81%) of 31. 




O-C4H9 



(33) 
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(3a.4a)-17-{butoxymethyl)-4-(2HMopenyl)andiostan-3-ol 

Intermediate 31 (300 mg. 0.6 mmol) was mixed with acetic acid (4 mL). H,0 (1 mL) and THF (1 mLVThe 
5 for 4 h then concentrated under reduced pressure. The residue was purified by 

IR. MS. Anal. (C27H4^ . 0.22 H2O) C. H. N 
10 Example 71 

Preparation of {3a.4a^17.[(heptyloxy)methyiPM2-propenyl)androstan-^^^ 



iS 



20 



2S 



30 



7HP0 




cw:7H,5 



35 



(32) 



40 



45 



TO a flask containing potassium hydride (0.19 g. 4.75 mmol) and dry THF (10 mL) ""'*«;«'^9°"rf^f^«' 
a soMion ^30 prepared acconling to the procedures descnDed in Example 70^ though G (lOmL) 
?hte mwure waTcorfed to OX and dOuted with DMF (5 mL) before adding heptyl biormde (0 83 g. 4.6 mmol) 
^ a re^lSulJ^l^once. The cooling bath was removed. After stirring for 48 h at ambient ^^^^'P^^^ 
ma^n ie was quenched with brine and extracted with EtOAc. The extracts ^^^^J^^^^^^^^ 
Sler MgSO,. then concentrated under reduced pressure. The resulting oil was punf .ed by flash chmma- 
tography (SiO,. 2.5% EtOAo-hexanes) to yield 436 mg (92%) of 32. 



so 
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B. 

(3a,4a)-17K(heptyloxy)methyll-M2-propenyl)androslan-3-ol 

intermediate 32 (330 n.g. 0.63 mmol) was mixed witt, acetic acid (4 mL). H,0 (1 mL) and THF (2 'nL)-The 
mlxtuTw^ heated at 80'C o>«rnight l»»n concentrated under reduced pressure The rescue was pun^ ed 
SS,Tramatog,aphy (SiO. 1-5% EtOA^hexanes) to yield 238 mg (86%) of 34 as a sdKl. mp 62-64-C. 
1H-NMR. IR. MS. (C3oH5202) 




(36) 

77 
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By sutetantially following the procedures describ^^ 

J.^^ .u.-. ^«««unrf was Meoared. (Yield: 16%). ^H-NMR. IR. MS. (C30H50O) 



3-one, the tWe compound was prepared. (Yield: 16%) 
Example 73 

Preparation of 4a.2.(hydroxymethylene)^-(2-propenyl)cholestan-3-one 



10 



IS 



20 



25 




i H 



so 



35 



(37) 

Sodium hydride (1.6 g. 41 mmol. 60% oil dispersion) was washed with hexanes under argon and mbced 
^U^^elSZ). TO the mixture was added a solution of the compound of Example 72 (3-5 9. 8 2 r^Kj 
Tt^luene (si mL) filowed by ethyl formate (5.6 mL). The reaction ^^^^ "^.^^^^^^^ 

te.m>erature then quenched with H^O (5 mL). To the reaction mixture was added 1 N HCI (50 mL) and «»n 
^^iSr«d^cSd with EtOAc. The extracts were washed with 1 N HO and brine and dned over MgSO*. 
*T?rnS;*riaf2:^^»ni^S under redu^ 
Standing, mp 84^94«'C. ^H-NMR 



40 



45 



SO 
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Example 74 

Preparation of {4a).2.(4.morpholinylmethyleneH-(2.pfopenyl)cholestan^ 



10 



IS 



20 



25 



30 




(38) 

u^hniinp M B 0 20 5 mmol) was added to a solution of the compound of Example 73 (3.1 g. 6.8 "W»J) 
eS'h (^^^^^^^^^^ h. The reaction was concentrated under ^eduoe^^^^^^ ^3"^'^^ 

ftesh citromatography (SiO,^ 1-5% MeOH-CHCIJ to yield 3 g (840A) of 38 asafoam. iH-NMR. IR. MS 



Example 75 

35 Preparation of (2a)-2-{2-propenyl)cholest-4-en-3-one. 



so 



55 




Aten ml solution of 4-cholesten-3M,ne(500m9.1.30 mmol) in dry THF was added dra^ 
solu?rorNaN(TMS).(1.69ml.1MlnTHF)at-78-Cunderargon.andtheresutentg^^^^^ 

^Tl befl n seated with all,! lodWe (238 mL 2.60 maj,J)^ 

hr and then warmed up slowly to ambient temperature. Acetic acid (0.5 mL) and EtOAc (30 mL) ^'e^ ^oaeo 
to the mb^rrfollowed by sahirated aq. NaCI (1 0 mL). The organic layer was separated, dried over MgSO^. 
rrTaXnl^ttl Lacuo to giv\ an oHy .^^^^^^^^ 
(^^dientEtOAc/hexane:2%to10%)toprovide422mg(76»J)ofJh^ 

and 1673 cm-': NMR (CDCI,. 300 MHz) 8 0.72 (3H. s). 0.87 (3H. d. J = 6.6Hz). 0.88 (3H. d. J 6.6Hz). 0.82 
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nH d J - 6 SHri 1^0 OH s) 0.75-1.70 (20H. m). 1.78-1.91 (2H. m). 1.98-2.14 (3H. m). 2.20-2.48 (PK m). 

5ZT^0%U 5.72 (1H. d. J = 1.0HZ). and 5.75-5.88 (1 H. m); FDMS: 424 (M^; Ana.. 
Calcd for C«,H««0: C. 84.84; H. 11.39. Found: C. 84.64; H. 11.53. 



Example 76 

Preparation of (2o. 5a)-2-{2-propenyl)chole8lan-3-one. 




Lithiuin chip (24.6 mg. 3.54 mmol) and a glassH»ated stir bar were placed in a flame-dried, three-nedced 
,ounj!SotS.reJia^fl.2;*withadry^ 

lected in the f lasic at -78-0 to form a deep blue solution, and then followed by the addibon of dry JJf mL). 

m^rr^^TW was add^^ the deep blue solution. Upon completion of the addition, the 

S^^^^^iT5Tn before It was decolorized with a few drops of 1.3-,^n.adlene. Ten 
mJS^SJ^^lrat^^^ was carefully added to the white suspension, then the cold bath was r«i.oved 

and Se mSr^^«<^efto warm up tJ ambient temperature. Solid NaQ was '^'^^^^^'^ 
teytr b^foH^xtracted with EtOAc (30 mL): the organic layer was washed v«th saturated aq. NaO 10 
mLrd*d^erZsO.. filtered and concentrated to give an oily residue. ^^'^'"^•'.^"T^'^n^.R f^S 
Sradti tlL^exaiU: 50% to 100%). 407 mg (94•^) of the title compound was obtained as - <>J. IR (n 
M29 and 1711 cm-i- 'H NMR (CDO,. 300MHr) 8 0.69 (3H. s). 0.88 (6H. d. J = 6.6Hz). 0.91 (3H d J - aSHz). 
S (3H iror2;i5"(29H. 1), 2^^2.50 (2H. m). 2-52-2^62 (1H m). ' f^-^^^;;^^^"^^^^^^^^ ''''' 
my, FDMS: 427 (iwr*1); Anal. Calcd for C3„H»0: C. 84.44; H. 11.81. Found: C, 84.72. H. 11.68. 



Example 77 

This Example illustrates the preparation of compounds of the imrention having a pharmaceutically 
substituent at the 2 position of the sterol nucleus. 

Preparation of (2a. 3a. 5a)-2-(2-propenyl)cholestan-3-ol. 




This Example illustrates the preparation of compounds of the invention having pharmaceutically active 
substituents at the 2 position of the sterol nucleus. 

80 
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K-Selectride (23.6 mU 1M in THF) was added to a stirred solution of (2a, 5a)-2-{2-propenyl)cholestan-3-one 
(5.03 g. 11.8 mmol) In dry THF (100 mL) at -78"C under argon, and the resultant yellowish solution was then 
stirred at 0*»C for 1h. Excess K-selectride was carefully quenched with methanol (5 mL) and the solution was 
sequentially treated with 5N NaOH (14.1 mL. 70.8 mmol) and 30% H2O2 (7.20 mU 70.8 nrunol). The cold baih 

5 was removed and the mixture was stirred for 4h. Acetic acid (5 mL) and and EtOAc (100 mL) were added the 
mixture and then It was washed with saturated aq. NaCI (20 mL x 2), dried over MgS04, filtered and concen- 
trated. The residue was subject to flash chromatography on silica (gradient toluene/hexane: 40% to 100%) to 
provide 3.92 g (77%) of the title compound, which was reaystallized from EtjO/CHaCN. mp; 72.0-73.5*C; IR 
(KBr) 3376 and 2931 cnr^; iH NMR (CDCI3. 300MHz) 5 0.66 (3H. s). 0.80 (3H, s). 0.87 (3H, d. J = 6.6H2). 0.88 

10 (3H d J = 6.6Hz). 0.91 (3H. d. J = 6.5Hz). 0.65-1.70 (29H. m). 1.7&.1.90 (1H, m). 1.95-2.06 (2H. m). 2.09- 
2.21 (1H. m). 3.89 (1H. br s). 5.00-5.12 (2H. m) and 5.76-5.91 (1H, m); FDMS: 429 (M*+1); Anal. Calcd for 
QaoHszO: C, 84.04; H. 12.22. Found: C. 83.97; H, 12.40. 

Example 78 

15 

Preparation of (2a. 5a)-2-[(4-fluorophenyl)methyl]cholestan-3-one. 



20 




30 



35 



40 



45 



NaN(TMS)2 (1.83 mL. 1M in THF) was added dropwise to a stirred solution of 5a-cholestan-3-one (545 
mg.1.41 mmol) in lOmLofdry THF at -78C under aigon. and the resultant suspension was stirred for 1h before 
it was treated with a 5 mL of THF solution containing 4.fluorobenzyl iodide (499 mg. 2.11 mmol). The suspen- 
sion was stirred at -78C for 12h, and then allowed to warm up to ambient temperature. Acetic acid (0.5 mL) 
and EtOAc (30 mL) were added to the mixhire before it was washed with saturated aq. Naa (10 mL x 2). dried 
over MgS04. fBtered and concentrated. After flash chromatography on silica (gradient toluene/hexane: 50% 
to 100%). 424 mg (61%) of the title compound was obtained as a white solid, which was crystallized from 
EtzO/CHgCN. mp: 131.0-13Z5«C; IR (CHaj) 2928. 1712, 1509 and 1217 cnr^; ^H NMR (CDCI3. 300MHz) 5 
0.65 (3H. s). 0.88 (6H. d. J = 6.6Hz). 0.89 (3H, d. J = 7.0Hz). 0.99 (3H. s). 0.64^2.02 (27H. m). 2.10 (1H. dd. J 
= 14.0 and 3.6H2). 2.28-2.41 (2H. m). 2.50-2.64 (1H. m). 3.22 (1H. dd, J = 14.0 and 5.0Hz), 6.90-7.00 (2H. m) 
and 7.07-7.15 (2H, m); FDMS: 495 (M*+1); Anal. Calcd for C34H61FO: C. 82.54; H. 10.39. Found: C, 82.80; H, 
10.65. 

By following the procedures described above in Example 77. the compound of Example 79 was prepared). 
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Example 79 

Preparation of (2a, 3a. 6o)-2-K4-fluorophenyl)methyl]cholestan-3-ol. 



F 




This Example illustrates the preparation of compounds of the invention having pharmaceutlcally active 
sul>stituents at the 2 position of the sterol nudeus. (2a. 5a)-2-t(4.Fluorophenyl)melhy11choleslan-3-one (213 
mg. 0.431 mmol), K-selectride (647 mU 1M In THF), 5N NaOH (388 m L, 1.94 mmol) and 30% H2O2 (198 mU 

I 94 mmol) provided 156 mg (73%) of the title compound as a white solid, which was recrystalllzed from 
EtzO/CHaCN mp: 148.5-1 50.5*>C: IR (KBr) 3622, 2931. 2869 and 1509 cnr^; NMR (CDCI3. 300MHz) 6 0.65 
(3H s) 0 76 (3H. s). 0.88 (6H, d. J = 6.6Hz). 0.91 (3H. d. J = 7.0H2). 0.90-1.90 (30H. m). 1.97 (1H, brd. J = 

II 9H2). 2.49 (1H. dd. J = 13.5 and 6.6H2). 2.68 (1H. dd. J = 13.5 and 8.6Hz). 3.71 (1H. s). 6.90-7.02 (2H. m) 
and 7.10-7.20 (2H. m); FDMS: 497 (M*+1); Anal. Calcd for C34H53FO: C, 82.20; H. 10.75. Found: C. 82.33; H. 
10.93. 

Example 80 




Preparation of (3p,4a,5a,20p)-4-(2-propenyl)cholestan-3-ol 

Amixture of IO9 (0.0235 mole) of 4a-4-(2-propenyl)cholestan-3-one. 4.4g (0.11 7mole) ofsodium borohydr- 
ide, 25ml of methanol, and 50ml of tetrahydrofuran was heated to reflux for lOhr's. The reaction mixture was 
cooled with an ice bath and quenched with 50% acetic acid(aq). The reaction was concentrated in vacuo, and 
taken up in ethyl acetate.washed with saturated sodium bicarbonate (aq.) solution. The organidayer was dried 
with MgS04. filtered, and concentrated in vacuo. The crude isomeric mixture was separated and purified by 
preparative HPLC (gradient 0-10% ethyl acetate: hexanes). Two major products were formed. (3a.4a,5a)-4- 
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15 



<2-D«)penyl)cholestar»-3-ol and (3p.4a.5a.20p^4-(2-propenyl)cholestan-3-ol. The fractions contairtng 
?pTc.^aSH-(2-propen/l)choleste^^ were combined and 72g of (3p.4«.5«,20PH-(2-propeny.)chole. 
stan-3-ol was isolated. 



5 


Elem. Anal. C30HS2O 






Calc*d 


Found 




C 


84.04 


84.20 


10 


H 


12.23 


12.04 



iH NMR (CDCI3) d 3.35(m. 1H. H-COH) 4.98-5.15 {m. 2H H2C=CH) 5.79 
-5.95 (m.1H. -HC=CH2) 

Example 81 
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Preparation of N-I(3a.4a,5o.20pH-(2-propenyl)cholestan-3-6llacetamide 

A 3.0g (6.79 mmoie) mixture of (3a. 4«. 5a. 20PH-(2-propenyl) cholestan-S-amine and (3p. 4«x.5a.20p^ 
4-(2-propenyl)cholestan-3-amine was combined with 1.6 ml (17.0 mmole) of acet« anhydnde. 3.5ml (33.9 
i^So^Tofpylne.and40mloftolu«^^^ 

was conceniated in vacuo, and the residue was purified by preparative HPLC (gradient of 1 5-50% ethyl acet- 
ate:hexanes). The correct acetamide Isomer (LY306873) was isolated to yield 1.38 g. 

ti^NKcDCir/^On^ 3H. HaC-CON). 4.18(br s. IH. H-CNH) 4.92-5.01(m. 2H. HaC=CH) 5.65(br s. IH. 
HN-CO) 5.70-5.85(m. IH. HOCHj) 



55 



83 



EP 0 562 849 A2 



Example 82 



TBDMSO 




i H 

Preparation of (3a. 4«. 5a)-3^I(1.1-dimethylethyl)dimethylsay^]oxyHK2-propenyt) cholestane 

Amfactureof3.0gof(3a.4a.5aH-(2-P«>penyl)cholestan-3-ol7.0mmole).1.3gtert-Buty«*^ 

ide (8.5 mLe). and 0.678 g of imidizde (8.5 mmde) in 20 ml of 

room temperalufo. The reaction product was then poured into 75 ml of water, and product extracted wrth 
l^et her'Z; over Na^O. f Otered. and ooncenti^ted in vacuo to yteld an oi. The oH was "-n d«so^j^ 
in 100 ml of hexane and fitered though a sHica gel pad and concentrated m vacuo to yield 3.34g (88.8%) of 
(3o. 4a. 5a)-3-|I1.1dimethylethyl)dimethylsilyl]oxyH-(2-P«openyl) cholestane. 
M.S.(FD)MH* = 543 



Elem. Anal. CgeHeeOSi 




Calc'd 


Found 


C 


79.90 


79.63 


H 


12.53 


12.25 



1H NMR (CDCIs) S 0.0 (m. 6H. (CH3)2-SI). 0.89 (s. 9H. (CH3)3C-S0 
Example 83 



TBDMSO*** ^'ri 




Y 
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Preparation of (3o. 4a. 5o)-3-n(1.1-dimetMethyl)dimethylslylJo)<ylcholestane^acelaldehyde 

Ozone was bubbled through a solution of 20g of (3o. 4a. 5o>-3-lI(1.1dimethytethy1)dimethylsByl)oxyl-4- 
(2-propenyl) choleslane (36.6 mmole) in CHja^ at -IV'C until the reaction became dark purple. The reaction 
was stirred Ibr 30 minutes at -78-C. N2 was bubbled through the reaction unti the color dissipated, and 24 g 
of triphenyl phosphine (92.2 mmde) was added to the reaction. The mixture was stirred overnight wrth the 
cooling bath removed. The eaction was concentrated in vacuo, and the crude product was purified by prepa- 
rative HPLC (5% ethyl acetate: hexanes) yielding 15.5g (77.5%) of (3a. 4a. 5o)-3-n(1.1-dimethylethyl)dime- 
lhylsilyl)oxy]cholestane-4-acetaldehyde. 
M.S.(FD)MH* = 545 

Elem. Anal. C35H6402Si 
Calc'd Found 

C 77.14 77.34 
H 11.84 11.91 




Preparation of (3a. 4a. 5a)^3.3.difluoro-2-piopenyl)-3-tt(1.1-din)ethylethyl)dimethylsily8]oxy)chole8tane 

To a chilled solution (-78«C) of 0.70g of difluromethyldiphenyl phosphine oxide (3.50 mmole) in THF. 2.4 
ml of a 1.6M solution of butyl lithium in hexanes was added dropwise. The reaction was stirred for 15 minutes. 
To the reaction, a solution of 1.71 g of (3a. 4o. 5a)-3-a(1 .1^Jimethylethyl)dimethylsilyl]oxy]choleslane-4-acet- 
aldehyde (3.15 mmole) in THF was added dropwise and the cooling bath was removed. The reaction was stir- 
red for 3 hr-s and quenched with saturated ammonium chloride (aqueous). The product was extracted with die- 
thyl ether and the organic solution was dried over MgSO^. filtered, and concentrated in vacuo to yield an oil. 
The crude product was purified by flash chromatography (4% ethyl acetate: hexanes) to yield 120mg of (3a. 
4a.5o)-4-(3.3-difluoro-2-propenyl)-3-tt(1.1-dimethylethyl)dimethylsilysloxylcholestane 

M.S.(FD)MH*576 

iH NMR (CDCI3) 8 3.93(s. 1H. H-COTBS) 4.08-4.21(m.1H. H-C=CF2) 
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Example 85 




Preparation of (3a. Aa, 5a, 20p)-4-(3.3-difluora-2-propenyl) cholestan-3-ol 

To a solution of 100mg of (3a, 4a, 5a)-4-(3.3-dmuoit)-2-propenyl)-3-tt{1,1-dlmethylethyl)dlniethyl- 
sllys)oxy]cholestane in 10 ml of CH2CI2. 1 ml of lx)ron trifluoride etherate was added. The solution was stirred 
for 10 hr's at room temperature. The reaction was concentrated in vacuo, and residue dissolved In diethyl ether 
and washed with saturated sodium bicart>onate solution (aqueous). The organic layer was dried over MgS04. 
fBtered, and concentrated in vacuo. The crude product was purified by chromatography (10% ethyl acet- 
ate:hexanes) to yield 81 mg of (3a. 4a, 5a. 20p>-4-(3,3-drfluoro-2-propenyl) cholestan-3-ol. 
M.S. (FD)MH* = 465 



Elem. Anal. C30H50F2O 




Calc'd 


found 


C 


77.53 


77.77 


H 


10.85 


11.07 



iH NMR (CDCI3) 6 3.91 (s, 1H. H-COH) 4.12-3.21 (m, 1H. H-OCF2) 
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Exmaple 86 




Preparation of (3a.4a,5a,20P)-4-(2-propenyt) cholestan-3-aniine. 

25 

A mixture of 4.0 g of (4a, 5a)-4-(2-propenyl)cholestaiv3-one (9.37 mmole), 7.2 g of ammonium acetate 
(93.7mmole). 3.3g of sodium cyanoborohydride (52.6 mmole) 3A'' molecular sieves. 25 ml of methanol, and 
50 ml of THF was stirred for 1 0 hours at room temperature. The reaction mixture was then poured over fuller's 
earth and the filtrate was concentrated in vacuo . the residue was taken up in 5% NaOH and the product was 
30 extracted with diethyl ether. The organic layer was dried over MgS04, filtered, and concentrated in vacuo, the 
product was purified by chromatography (9:1 Dichloron)ethane: Methanol) to yield (3a,4a,5a,20p)-4-(2-prope- 
nyl) cholestan-3-amine. 
M.S. (FD) MH*428 



35 



Elem. Anal. C30H53N 




Calc'd 


Found 


C 


84.24 


84.02 


H 


12.49 


12.48 


N 


3.27 


3.14 



m NMR (CDCI3) 5 3.62 (br s, 1H, H-CNHa) 

45 



so 
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Example 67 




Preparation of (3a, 4a. 5a. 20PH-propyicholestan-3-oI 

A mixture of 2 g of (3a.4o.5aH-(2-propeny1)cholestan-3-ol (4.67mnK)le) and 0.320 g of 5%Pd/C in 100ml 
of ethyl acetate was subjected to 60 psi of hydrogen at room temperature for 8 hours. Filtration of the reaction 
mixture over Fuller's earth followed by evaporation gave 1.54 g of (3a, 4a, 5a. 20p)-4-propylcholestan-3-ol. 
M.S. (FD) Mhr = 430 



Bem. Anal. C30H54O 




Calc'd 


found 


C 


83.85 


83.80 


H 


12.64 


12.62 



iH NMR (CDCU) 8 3.92{s. 1H, H-COH) 
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Example 88 

Preparation of (4a,5a)-4-(2-methyl-2-propenyl)cholestan-3-one. 



10 



15 




20 

This example illustrates the preparation of a ^ position ketone useful as an intermediate for preparing the 
compounds of the invention. 

Lithium chip (32.5 mg, 4.68 mmol) and a glass-coated stir bar were placed in a flanr>e-dried, three-necked. 
round-t>ottomed flask fitted with a dry ice condenser under argon. Forty mailliters of liquid ammonia was col- 

25 iected in the flask at -76''C to form a deep blue solution, then followed by the additton of dry THF (25 ml). A 
fifteen-miliniter solution of (^H-cholesten-3-one (600 mg, 1.56 mnfK>l) and t-BuOH (0.147 mL, 1.56 mmol) In 
dry THF was added dropwise to the deep blue solution. Upon completion of the addition, the resultant blue 
solution was stirred for 5 min before it was decolorized with a few drops of 1.3-pentadiene. Methallyt iodide 
(0.480 mL, 4.67 mnnol) was added to the white suspenston and the resultant mixture was stirred at -78''C for 

30 3h. Methanol (1 mL) and saturated aq. NH4CI (10 mL) were carefully added to the white suspension. The coM 
bath was removed and the mixture, with the evaporation of ammonia, was allowed to warm up to ambient tenv 
perature. Ten milliliters of sat* d aq. NaCI was added to the mixture before it was extracted with EtOAc (30 mL 
x 2); the combined organk; layers were washed with safd aq. NaCI (10 mL). dried over MgS04. filtered and 
concentrated. After flash chromatographk: separation on siik:a (gradient ethyl acetate/hexane 4% to 6%). 212 

35 mg (31 %) of the titie compound was obtained as a white solid, which was recrystallized from EtjO/CHsCN. mp: 
1 04.0-1 05.5^C; IR (KBr) 2950 and 1 712 cm-^; NMR (COaa. 300MHz) 5 0.69 (3H. s). 0.88 (6H. d. J = 6.6Hz), 
0.92 (3H. d. J = 6.5Hz). 1.08 (3H. s). 1.71 (3H. s). 0.65-1.90 (24H. m), 1.95-2.20 (4H. m). 2.30-2.60 (4H, m). 
4.61 (1H. s) and 4.73 (1H, s); FDMS: 440 (M*); Anal. Calcd for C31H52O: C. 84.48; H, 11.89, Found: C. 84,43; 
H, 11.68. 

40 



45 



SO 



55 
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Example 89 



Preparation of (3a,4a,5a)-4.(2-methy».2-propenyl)cholestan-3-ol. 



H 




HO I H 




K-Selectride (0.368 mL, 1M In THF) was added to a stirred solution of (4a)-4-(2-methyi-2-propenyl)chole- 
slan-3-one (108 mg, 0.245 mmol) in dry THF (4 mg^aPTy'GHiaderargo^ , and the r esultant yellowish solution 
was then stirred at O^'C for 1h. Excess K-selectride was carefully quenched with methanol (0.5 mL) and the 
solution was sequentially treated with 5N NaOH (0.220 mL, 1.10 mmol) and 30% H2O2 (0.113 mL, 1.10 mmol). 
The cold bath was removed and the mixture was stirred for 2h. Half-safd aq. NaO (10 mL) and EtOAc (30 
mL) were added to the mixture, the organic layer was separated, washed with half-saf d aq. NaO (10 mL x 2). 
dried over MgS04. filtered and concentrated. The residue was subject to flash chromatography on silica (gra- 
dient ethyl acetate/hexane 4% to 8%) to provide 85.5 mg (79%) of the title compound, which was recrystallized 
from EtaO/CHsCN. mp: 129.0-1 30.5«C; IR (KBr) 3581, 3472 and 2937 cnr^ NMR (CDCI3, 300MHz) 5 0.66 
(3H s) 0.84 (3H. s). 0.88 (6H, d, J = 6.6Hz). 0.91 (3H. d. J = 6.5Hz). 1.73 (3H. s), 0.65-2.05 (32H. m), 2.20 
(1h! dd, J = 13.3 and 4.3Hz). 3.79 (1H, br s). 4.78 (1H. s) and 4.81 (1H, s); FDMS: 443 (M*+1); Anal. Calcd for 
C31H54O: C, 84.09; H, 12.29. Found: C. 84.35; H, 12.06. 

By following the procedures described above in Example 88. the compound of Example 90 was prepared. 

Example 90 

Preparation of (4a,5a)-4-(2-chloro-2-propenyl)cholestan-3-one. 



This example illustrates the preparation of a 3-position ketone useful as an intermediate for preparing the 
compounds of the invention. 

Uthium chip (32.5 mg, 4.68 mmol), liquid NH3 (30 mL)/THF (30 mL), (+).4-cholesten-a.one (600 mg. 1.56 



o 





£ H 
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mmol). t-BuOH (0.147 mU 1.56 mmol). 1,3-pentadiene (a few drops) and 2-chloroallyl iodide (0.500 mL) pro- 
vided 377 mg (52%) of the titie compound as a white solid after stirring at -78"C for 6.5h and flash chromato- 
graphic separation on silica (gradient ethyl acetate/hexane 4% to 6%), which was recrystalllzed from 
EtjO/CHaCN. mp: 1 07.0-1 09.0»C: IR (KBr) 2945, 1714, 1639 and 1467 cm-^; NMR (CDCI3, 300MHz)6 0.69 
5 (3H. s). 0.88 (6H. d. J = 6.6Hz). 0.92 (3H, d. J = 6.5Hz), 1.11 (3H. s), 0.70-1.65 (22H, m), 1.65-1.90 (3H, m). 
1.95-2.12 (2H. m). 2.32-2.68 (4H. m). 2.92 (1H, dd. J = 15.0 and 7.OH2). 5.19 (1H. s) and 5.22 (1H, s); FDMS: 
460 (M*. 35a) and 462 (M*, ^C\); Anal. Calcdfor C30H49CIO: C, 78.13; H, 10.71. Found: C. 77.99: H, 10.42. 
By following the procedures descr1t>ed above in Example 89. the compound of Example 91 was prepared. 

10 Example 91 

Preparation of {3a,4a.5a)-4-(2-chlor<>-2-pfopenyl)cholestan-3-ol. 



IS 



20 



25 




30 K-Selectride (0.586 mL, 1 M in THF), (4a>-4-(2-chloro-2-propenyl)cholestan-3-one (180 mg. 0.390 mmol). 

THF (5 mL). methanol (0.15 mL). 5N NaOH (0.352 mL. 1.76 mmol) and 30% H2O2 (0.179 mL, 1.76 mmol) pro- 
vided 124 mg (69%) of the title compound as a white solid after flash chronrwitographic separation on silica 
(gradient toluene/hexane 60% to 100%), which was recrystallized from EtzO/CHgCN. mp: 130.0-1 31. S^-C; IR 
(KBr) 3599, 3497 and 2933 cnr^; <H NMR (CDCI3, 300MHz) 6 0.67 (3H. s). 0.86 (3H. s). 0.87 (3H. d, J = 6.7Hz). 

35 0.88 (3H. d. J = 6.6Hz). 0.92 (3H. d. J = 6.5Hz), 0.70-1.90 (30H. m), 1.98 (1H, br d. J = 12.2Hz). 2.33 (1H. dd. 
J = 13.9 and 10.6Hz). 2.47 (1H. dd. J = 13.9 and 4.7Hz). 3.91-3.93 (1H. m) and 5.23 (2H. s); FDMS: 462 (M*. 
35CI)and464 (M*. ^a). 

By following the procedures descril>ed above in Example 88, the compound of Example 92 was prepared. 
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Example 92 

Preparation of (4a.5a)-4-(2-bromo-2-propenyl)cholestan-3-one. 




This example illustrates the preparation of a 3- position ketone usefiil as an Interrr^iate for preparing the 
compounds of the invention. 

Lithium chip (32.5 mg, 4.68 mmol), liquid NH3 (35 mL)/rHF (35 mL). (+)-4-cholesten-3^ne (600 mg. 1.56 
mmol). t-BuOH (0.147 mL. 1 .56 mmol). 1.3-pentadiene (a few drops) and 2-bromoallyl bromide (0.484 mL. 4.68 
mmol) provided 70.0 mg (8.8%) of the title compound as a white solid after stirring at -78'*C for 6h and flash 
chromatographic separation on silica (gradient ethyl acetate/hexane 4% to 6%). NMR (CDCI3, 30OMH2) 8 
0.69 (3H. s). 0.87 (3H. d. J = 6.6Hz). 0.88 (3H. d. J = 6.6Hz). 0.91 (3H. d. J = 6.5H2). 1.12 (3H. s). 0.65-1.90 
(25H. m). 1.95-2.10 (2H. m). 2.30-2.70 (4H. m). 3.01 (1H. dd, J = 15.0 and 7.OH2). 5.43 (1H, s) and 5.66 (1H. 
s). 

By following the procedures described above in Example 89, the compound of Example 93 was prepared. 
Example 93 

Preparation of (3a,4a,5a>-4-(2-brDmo-2-propenyl)cholestan-3-ol. 




K-Selectride (0.278 mL. 1M In THF), (4a)-4-(2-bromo-2-propenyl)cholestan-3-one (70.0 mg, 0.139 mmol). 
THF (3 mL). methanol (0.15 mL). 5N NaOH (0.167 mL, 0.834 mmol) and 30% H2O2 (0.085 mL. 0.834 mmol) 
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10 



15 



20 



orovided 47 0 mo (67%) of the title compound as a white solid after flash chromatographic separation on sHica 
S^^^ toSe«ne 60% to 100%). mp: 144.0-147.0-C: IR (KBr) 3601. 3478 and 2931 on-i; 'H NMR 
fcDaa sSMf^) 5 0.67 (3H. s). 0.87 (3H. s). 0.88 (6H. d. J = 6.8Hz). 0.92 (3H. d. J = 6.5Hz). (.70-1^ (30H. 
m) 1 99 (1H br d J = 12.3Hz). 2.40 (1H. dd. J = 14.0 and 10.5Hz). 2.55 (1H. dd. J = 14.0 and 4.5Hz). 3.91- 
3.94 (1H. m). 5.48 (1H. s) and 5.68 (1H. s); FDMS: 506 (M*. ™Br) and 508 (NT. o^r). 

Example 94 

Pieparation of (14a)-sUgmast-4-en-3-one. 




30 



35 



This example lluslrates the preparation of a 3- position ketone useful as an intermediate for preparing the 

compounds of the invention. ... j n. j 

A suspension of p-S'tosterol (30.0 g. 72.5 mmol). aluminum isopropoxide (7.40 g, 36.2 mmol) and methyl ethyl 
ketone (97 0 mL. 1 .09 mol) in dry toluene (180 mL) was heated to reflux with stirring for21 hours under argon. 
The mixture was cooled in an ice l>ath. treated with 2.5N HO (120 mL) and stirred for 30 min. The organic 
layer was separated, washed with sard aq. Naa (100 mL), dried over MgSO^. f ilteied and concentrated; the 
oily residuewaschromatographed on sHk» (gradient 50% tduene/hexaneto10% ethyl acetate/toluene)topi^ 

vide 23 9 fl (80%) of the title compound, virtiteh was crystallized from CHaCljTCHsCN. mp: 73.0-75.0''C; ' H NMR 
(CDCI,.* 300MHz) 8 0.73 (3H. s). 0.83 (3H. d. J = 6.7Hz). 0.85 (3H. d. J = 6.6Hz). 0.86 (3H. t. J = 6.8Hz). 0.93 
(3H. d. J = 6.5Hz). 1.20 (3H. s). 0.65-1.78 (21H. m). 1.80-1.95 (2H, m). 1.98-2.10 (2H. m). 2.24-2.53 (4H. m) 

^ By fdiowing the procedures descril)ed atwve in Example 88, the compound of Example 95 was prepared. 



Example 95 

Preparatton of (4o.5a.14a)-4-(2-propenyl)8tignw8tan-3-one. 



45 



so 




This example illustrates the preparation of a 3- position ketone useful as an intermediate for preparing the 
compounds of the invention. 

Uthium chip (135 mg. 19.4 mmol). Ikjuid NH, (100 mL)/THF (150 mL). (24R)-24-(ethyl)cholest-4-en-3-one 
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(2 00 g 4.85 mmol). t-BuOH (0.366 mU 3.88 mmol). isoprene (2 mL) and allyl iodide (0.886 mU 9.70 mmol) 
provided 235 mg (11%) of tiie tiUe compound as a white solid after stirring at -78^ for 3h and flash chroma- 
tographic separation on silica (gradient 70% toluenertiexane to 5% ethyl acetate/toluene), which was recrys- 
tanLed from CHsCljTCHsCN mp: 81 .0^2.0^: NI«IR (CDOi, 300N«Hz) 8 0.69 (3H. s). 0.83 (3H. d. J = 6.7Hz). 
0.85 (3H. d. J = 6.4H2). 0.86 (3H. t. J = 6.7Hz), 0.92 (3H. d. J = 6.4Hz). 1.07 (3H. s). 0.65-1.94 (26H. m). 1.95- 
2 10 (2H, m), 2.20-2.55 (5H. m). 4.93-5.08 (2H. m) and 5.70-5.88 (1H, m). 

By follo»«ng the procedures descfit)ed alwve in Example 89. the compound of Example 96 was prepared. 



Example 96 

Preparation of (3a, 4a. 5o)-4-(2-propenyl)-stigmastan-3-ol. 




K-Selectride (0.440 mL. 1M in THF). (4a. 24R)-4-(2-propenyl)-24-(ethyl)cholestan-3-one (100 mg. 0.220 
mmoi) THF (3 mL). methanol (0.20 mL). 5N NaOH (0.264 mL, 1.32 mmol) and 30% H2O2(0.135 mL. 1 .32 mmol) 
provided 95 0 mg (95%) of the tiHe compound as a white solid after flash chromatographic separation on sHica 
(gradient 70% tolueneftiexane to 5% ethyl acetate/toluene), mp: 118.0-120.5°C; 'H NMR (CDa* 300MHz) 8 
0 66 (3H s). 0.83 (3H. d. J = 6.5Hz). 0.84 (3H. s), 0.85 (3H. d. J = 6.4Hz). 0.86 (3H, t. J = 6.9H2). 0.92 (3H. d. 
J = 6.4Hz). 0.65-2.07 (33H. m). 2.24-2.35 (1H. m). 3.91-3.93 (1H. m). 5.00-5.15 (2H. m) and 5.80-5.98 (1H. 

""^ By fblloviring the procedures descrilied above in Example 88. the compound of Example 97 was prepared. 
Example 97 

Preparation of (4a.5o.14o,22E)-4-(2-propeny1)-stigmast-22-en-3-one. 
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This example illustrates the preparation of a 3-po8ition ketone useful as an Intermediate for preparing the 

S^^tfeJ^^'CQ-Jr^^^ nquW NH, (60 mLKTHF (100 mL). (22E. ^^^y^^^yi^^^^^^-^l": 
3^ne (1 00 8. 2.44 mmol). t-BuOH (0.230 mU 2.44 mmol). 1 .3-pentadiene (2 mL) and allyl iodide (0.670 mU 
7 32 mmol) provided 526 mg (48%) of the title compound as a white solid after stirring at -78«C for 6h and 
flash chromatographic separation on silica (gradient toluenefliexane 60% to 100%). which was recrystaBized 

tj- 1OT?'mO-C: iH NMR (CDCI3. 300MHz) 6 0.71 (3H. s). 0.81 (3H. d. J = 6.5Hz). 0.82 (3H. t, J = W 
0 W (3H d. J = 6.3Hz). 1.02 (3H. d. J = 6.6Hz). 1.07 (3H. s). 0.65-1.60 (18H. m). 1.62-1.80 (3H m) 1.94-2.09 
f3H m) 2 20-2 54 (5H. m). 4.95-5.08 (3H, m). 5.16 (IH. dd. J = 15.1 and 8.5Hz) and 5.72-5.86 (IH. m). 
By following the procedures descrilwd atwve in Example 89. the compound of Example 98 was prepared. 

Example 98 

Preparation of (3a. 4o. 5a. 22E)-4-^-propenyl)-stigmast-22-en-»-ol. 




K-Selectride (0.880 mL. 1M in THF). (4a. 22E. 24R)-*-(2-propenyl)-24-(ethyl)cholest-2^n-3-one (2M mg. 
0 440 mmol) THF (5 mL). methanol (0.20 mL). 5N NaOH (0.572 mU 2.86 mmol) and 30% Hfij (0.292 mU 
2:86 mmol) lirovided 186 mg (93%) of the title compound as a white solid after 

ration on silica (gradient 60% toluene/hexane to 5% ethyl acetate/ toluene), mp: 141-0-142.0 C; iH NMR 
^Sl,. 300MHzr8 0.68 (3H. s). 0.81 (3H. d. J = 6.3Hz). 0.82 (3H. t. J = 6.7Hz). 0.83 (3H s). 0.86 (3H d. J = 
6.5Hz) 1.02 (3H. d. J = 6.5Hz). 0.65-1.78 (26H. m). 1.93-2.10 (3H. m). 2.23-2.34 (IH. m). 3.90-3.93 (IH. m). 
4.97-5.21 (4H, m) and 5.82-5.96 (1H. m). 

Example 99 
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Preparation of (3a.4a.5a>-4-(2-propenyl)cholestan^ octadecanoate (este^: 

An acid chloride of Oleic add was prepared by a mixture of 4.0g of oleic acid (14.0 mmoles). 1 .8g of oxayl 
cMoride (14.0 mmoles). 1.1g of pyridine (14.0 mmoles). a catalytic amount of DMF. and 50ml Of CHzQi. wtiich 
was stirred at room temperature for 1 hr. The reaction was concentrated in vacuo and 50ml of CHjaj was added 
to the crude acid chloride. The reacUon mixture was chDIed to 0^ and a solution of 3.O9 (4a.5oH-(2-prope- 
nyl)cholestan-3a-ol (7.0 mmoles) in 25ml of CHjOz was added dropwise. The reaction stirred overnight with 
the ice lath removed. The reaction was concentrated in vacuo and the aude product was purified by prepa- 
rative H.P.LC. (gradient 0-5%. ethyl Acetate: hexanes) yielding 2.25g (46%) of an oO. 
M-S. (FD) Mhr*=693 



Elem. Anal. C48H88O2 




Calc'd 


Found 


C 
H 


82.93 
12.47 


82.91 
12.55 



iH NMR (CDCI3) d 4.88 (s, 1H. HOOCOCH2), 4.98 (m. 2H. H2=CH). 5.36 (m, 2H. -HOCH-). 5.62-5.79 (m, 
1H, HOCH2) 



Example 100 
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HO £ H 
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Preparation of (3p,4a.5a)-3-nnethyl-4-(2-propenyi)cholestan-3-ol: 

A solution of 2.0 g of 4a-4-(2-propenyl)choJestan-3-one (4.7mmoles) in lOml of diethyl ether was chilled 
to -78*'C. To the solution, a 2.0M solution of methyl magnesium bromide in diethyl ether was added slowly. 
The reaction was stirred overnight slowly coming to room temperature. A saturated ammonium chloride solution 
(aq ) was added and the organic layer was isolated and dried over MgS04. and concentrated in vacuo. The 
crude product was purified via flash chromatography (8% ethyl acetate: hexanes) yielding 620 mg of product. 
M.S. (FD) MH*=442 



Elem. Anal. C31H54O 




calc*d 


found 


C 


84.09 


84.13 


H 


12.29 


12.39 



iH NMR (CDCI3) d 4.98-5.14(m. 2H, H2C=CH). 5.91-6.08 (m. 1H. HC=CHti 
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The fbllowfing experiments were carried out to demonstrate the abaity of the compounds of the piesent 
Invention to upregulate LDL receptor synthesis. 

Method 

A 1 546 base pair sequence of the human LDLreceptor promoter was amplified using the polymerase chain 
reaction. Aieactlon mixture containing 20 pMoles each of the synthetic oligonucleotides 
5'-GCGCCATATGAGTCTTAACTGCCAAAAATTCTTATCATCAAT-3' (Seq. I.D. No: 1) and 5-AAG- 
CAAGCTTTCGCAGCCTCTGCCAGGCAGTGTCCC6ACCCGGAr3'. (Seq. I.D. No:2) 1 MS human genomic 
DNA purified from the adenocarcinoma cell line P3UCLA. 200 nM each of dATP. dGTP. dCTP, and TTP. 2.5 
units of Taq DNA polymerase. 10mM Tris-HO pH 8.3. 50 mM KCI. 15 mM MgC12. 0.1% gelatin in af inal vcriume 
of 100 Ml was subjected to 30 cycles of 15 sec at 96-C. 30 sec at 55-0. and 1 min at 72-C. The matenal was 
subject to gel electrophoresis on a 1% agarose gel and the 1546 base pair band was isolated and r«stnction 
enzyme digested with Hind III and Nde I. This fragment was iigated Into the plasmid pSP72 (ProMega Biotech), 
which had previously been restriction enzyme nuclease digested with Hind III and Nde I. The resulting vector. 
pNLDLRP. was restriction endonulease digested with Ndel and KUnd III and the material was agam run on a 
1% agarose gel to relsolate the 1546 bp LDLreceptor sequence. 

Plasmid vector PSv2 was constructed by digesting plasmid pSv2-gtobin with Hind III and Bgl H »nen ligating 
an Nrul-Xhol linker into the vector. Plasmid pSv2 gtobin Is disclosed in U.S. Patent Na 4.775.624. the entire 
teadiiiig"of^ich is herein incorporated by reference. The linker contained the foltowing sequences: 

5 ' -AGCTTCGCGACTCGAGA-3 • (Seq. I.D. NO: 3). and 
5'GATCTCTCGAGTCGCGA-3 • (Seg. I.D. No;4) . 

The resulting vector was designated pSv2-H NXB because it contained a BamH I site, an Nrul site, an Xhol 
site and a Bgl II site. The Hind lll-Bgl II fragment of plasmid pAlc4(NRRL B-18783). which conteins the firefly 
luciferasei^e. wasthenlliitedintotheHin lll-Bgl II site of plasmid pSv2-HNXB. Aneomydnresistence-oon- 
fbrmino gene was then Iigated into the Bam HI site of the resultent plasmid to form plasmkJ pSv2. 

A 1M6 base pair fragment was isolated and cloned into a Ndel and Hind III (partial) restriction digested 
vector pSv2 containing the firefly hjciferase reporter gene and a gene for neomycin resistance. The resulbng 
vector pLDL-LuclNeo-IO. contains the human LDL receptor promoter driving expression of the firefly lucrfer- 
ase g^ne a gene coding for neomycin resistance. ampicHlin resistant marker and an origin of replicatton. 

Plasiiiid pLDL-Luc 1 Neo-10 vi«s used to stably transfect Chinese Hamster Ovary cells using a Lipofectmn 
Reagent kit and procedure from Gibco BRL Research Producte Division Life Technologies Inc. Transformante 
vt^re selected by pk*ing Individual colonies grown in Dulbecco's nr»dif led Eagle's medium supplimented with 
10% fetal bovine serum and containing 500 pg per ml 25 hydroxycholesterol. A cell colony (S27/B30) was se- 
tected that showed the highest luciferase production and at least 50% repression in the presence of Genebcin 
(6-418) Gone S27/B30 was used for subsequent screening. 

In developing a cell based screen it is important to have a negative control. The viral SV40 promoter s 
Meal for this purpose in that it has a number of SP1 elemente that enhance gene transcriptton. These elemente 
are not under the control of end product repression: but they do have a high degree of sequence homotogy 
with the 16 base pair long sterol response element found in the LDL receptor promoter. The SV40 promoter 
should therefore be a sensitive mechanism to screen out agente that induce nonspecific transcription. 

Chinese Hamster Ovary cells were steWy cotransfected with a vector pSV2AL-A 5" containing the SV40 
promoter driving expression of t he firefly luciferase gene and a second vector pSV2 NeoBam containing a neo- 
mycin resistant marker. Transfectfons were carried out using the LipofecBn Reagent kit and procedure from 
GIboo BRL Research Products Division Life Technologies Inc. Transformants were selected by picking individ- 
ual colonies grown in Dulbeccos modified Eagle's medium supplemented with 10% fetal bovine serum and 
containing 500 ng per nH of genetteln. IndivkJual clones were selected, lysed and assayed for luciferase pro- 
ductton. Clone SV40 LN 9 was found to have the highest luciferase expression and was used as a negative 
control for the LDL receptor screen. 
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A. Media 



5 Both the "growth medium" and the "assay medium" are prepared ftom the same basal mednjm wh<ch con- 

sistsrhree^r1sDulbecco'smodifiedEagle-smediumandonepart(byvolume^ 

?raSditlon <i selenium. 50 ^M ethanotamine. and 20 mM ►'y<»~'^«'»'y'P'P«'«^"«/''«"tfl^^^^ 
cTowthmediumis basal mediumsupplementedwith5%v^fetalbovine8erum.A8saymed.i^ 

suXl^d wKh 0.5% Bovuminar Cohn fraction V powder (bovine albumin) and 0.5 Mflrtrt 25^ydn«ycho. 
10 iesterol. 



25 



30 



B. Cell Culture 



The recombinant CHO cell lines (clone 8. done 527B30 or done SV40.LN9) are seeded at 5 x 10« cdls^^en 
« into 24-well plates in 0.5 ml growth medium and incubated at 37-C in a humidified a^r atmosphere oonteln.r« 
5% CO, At confluence (2-3 days after seeding), the growth medium is removed, the monolayers raised IX 
!Jh m^ia (Si mlAvell) and ei^r vehide or candidate test compound is added to triplicate wells. The plates 
are incubated for an additional 24 hr and then assayed for luciferase activity. 

20 C. Luciferase Activity 

Each wen is washed 1X in phosphate buffered saline without Ca*^ or Mr* (500 pUwei\). and the cell moi^ 
layerl^t^ by addition Of 100 ►U/well assay buffer containing1%TritonX-100. 25^^^^ 
15 mM SsO.; 1 mM dithiothreitol. and 1 mM ATP. A 50 ,1 aliquot of each 1)^ « drtuted to 425 j" «J 
^e ^y l^^fer and placed in LKB luminometer and the reaction is initiated by the .njecbon of 25 plImM 
Srin Light output ftom the ludferase reaction is expressed as peak luminescence «"'1«,P™P«^''«"^^ 
Srase 2,ncenStlon. Total protein is determined m ead, lysate (~5 pi) by Coomass.e bril«nt blue G250 
binding wRh protein assay kit (Bio Rad Laboratories) .... _« ^ „ 

Ludferase Activity is expressed as light units/ug of protein (spedfic adivity). A m.n,murn effecj^e *«ejs 
defined as the molar ^ncenlration of agent requiredtoincreasetheluciferasespecrf.cart,vrtyby30%re^^^ 

to control. Relative effective dose is the produd of the ludferase spedf ic adnr,ty o a compound d,v^ by 
The specif fc adivity of compound I4«(E).5«H-(2-butenyl)chdestan-3a-oL A ""-"t^^ ^''^^ ""^^^"f 
acom^undmoreadivethan[4«(E).5aH-(2-butenyl)chole8tan-3«.olinde-rep«ss.ngtheLDL^^ 



35 



'^^Th^^S'^^evaluating compounds of the present invention are set forth below in Table I. 
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Table I 

(in vitro Lucif erase Activity Test) 



10 



15 



20 



25 



SO 



35 



Exanqple No. 

3l 
4l 

52 

52 

52 

62 

62 

72 

72 

8l 

9l 
lOl 
111 
121 
13l 
14l 
15l 
16l 
17l 
18l 
19l 
20l 
2ll 
22l 
232 
232 



MED 


Pirn 




2.2 


0.97 


144 


2.2 


1.00 


80 


5.8 


1.02 


121 


2.3 


0.20 


120 


2.3 


1.00 


135 


21.7 


0.96 


72 


21.7 


1.90 


67 


11.2 


1.97 


46 


45 


45 


30 


5.6 


2.50 


51 


2.0 


0.88 


60 


10.3 


4.5 


55 



5.02 
10.12 



0.44 
1.8 



NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

18% (NA) 
49 
37 
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F*vainDle No . 


MED 


RED 


MA% 




8.9 


1.57 


37 




8.9 


0.78 


48 




1.8 


0.32 


87 




4.1 


0.72 


89 


252 


4.1 


0.36 


64 


252 


8.3 


1.46 


79 


262 


9.1 


0.79 


59 


ZD 


9.1 


1.6 


34 


^ / 


9.1 


4.0 


32 




14 


2.5 


37 


n2 


8.9 


3.2 


76 




17 .3 


3-2 


65 


J u* 


8.9 


0.8 


92 




9.7 


4.3 


46 




8;6 


3.8 


36 


332 


9.8 


4.3 


28 


342 


4.8 


2.1 


38 


351 






NA 


362 


40 


17.6 


20 


361 






NA 


37I 






NA 


382 


84 


7.37 


33 


382 


42 


3.7 


58 


391 






NA 


402 


2.3 


1. 0 








0 CI 

U • D± 


IxU 


40-"- 




CO 
U . dz 


/X 


4ll 






P4A 








MTV 


43-*^ 








44^ 




46 . D 




44^^ 






78 


44I 


11.6 


2.04 


77 


44I 


2.9 


0.5 


56 


45I 






NA 


46^ 






NA 


47I 






NA 


48l 






NA 


49I 






NA 


501 


6.2 


1.09 


81 


50l 


6.2 


0.54 
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Example No. 


MED 


RED 


MA% 

17j 


5l2 


1.28 


1.16 


5ll 


6.4 


1.13 


112 


52l 


1.5 


0. 13 


121 


52 1 


12.3 


1. 08 


85 


52l 


1.5 


0.26 


136 


52l 


3 


0. 53 


D C 
OD 


52l 


6.2 


0. 54 


84 


53I 


11.9 


2.1 


Dl 


53 1 


5.9 


0.52 


99 


54 1 


12.3 


1.08 


102 


54I 


12.3 


4.3 


92 


55I 






NA 


561 






NA 


581 






NA 


62l 






NA 


642 


6.2 


2.73 


141 


642 


12.4 


1.09 


49 


642 


6.2 


1.10 


70 


642 


6.2 


5.46 


77 


642 


24.9 


8.8 


119 


652 


11.3 


5 


100 


652 


22.5 


3.96 


71 


652 


11.3 


9.9 


38 


66l 


12 


1.06 


73 


66l 


6 


0.53 


73 


66l 


24 


21.8 


100 


66l 


6 


5.45 


105 


66l 


3 


1.06 


118 


672 


5.5 


0.48 


116 


672 


5.0 


5.0 


118 


672 


22.2 


20.2 


74 


67l 


11.1 


3.9 


111 


67l 


22.2 


1.9 


76 


68l 


2.4 


0.2 


42 


68l 






NA 


68l 


11.8 


10.7 


33 


68l 


47.4 


16.7 


39 


68l 






NA 


692 


46.5 


20.5 


48 


69l 


46.5 


16.4 


39 


69l 


23.2 


8.2 


47 


70l 






NA 



55 



101 



EP0 562 849 A2 



Example No. 



MED 



RED 



MA% 



7ll 
732 
77I 
79I 



11.0 
40.8 
40.3 



0.97 

4.6 

5.4 



NA 

27 




60 (n=4) 
29 (n=2) 
NA 



44.9 

2.7 

5.6 

23.2 

2.8 

2.7 

4.9 

8.3 

22 



7.9 

0.36 

2.0 

8.3 

0.25 

0.24 

0.43 

0.73 

2.0 



32 



138 (n»2) 
89 



14 (n=2) 

102 (n=2) 

96 (n=2) 

131 (n=2) 

93 (n=3) 
66 



1 Tests using 30% lucif erase activity cutoff point (viz., 
con9)ound tested must have 30% greater light emission than 
control compound of Bxan^le 4) 

2 Tests using 15% lucif erase activity cutoff point (viz., 
compound tested must have 15% greater light emission than 
control compoxind of Exan^le 4) 

MED is minimum effective dose 

RED is relative effective dose (compared to compound of 
Exanqple 4) 

MA is maximum activity (%) over control 
NA is not active 

number of samples in test is one (n=l) . unless otherwise 
indicated 

The following section describes anlnal teste wliioh Ulustrate the cholesterol lowering efficacy of the 
pounds and method of this invention. 

EXAMPLE T-2 

In vivo testing of the compounds of the invention was done as described below. 



Syrian Golden hamsters were fed a cholesterol test diet made of 10% coconut ofl and 0.12% cholesterol 
(by weight) in Purina 5001 Rodent Chow to induce hyperchdesterldemia. 

After two weeks on the cholesterol test diet the hamsters were bled from the orbital sinium under light COj 
anesthesia Serum was prepared and analyzed for cholesterol using a commercial test kit (Cholesterol High 
Performance Single Vial™, product of Boehringer Mannheim Corp.. Indianapolis. IN. USA). The hamsters were 
separated iato groups of six animals, such that each group had approximately the same mean serum choles- 
terol levels. Selected compounds of the invention were Incorporated into the Cholesterol Test Diet at 0.2% (w/w) 
and fed to the hamsters for one week. A control group of hamsters continued on the Cholesterol Test Diet dunng 
the same one-week period. The dose of test compounds of the invention was equivalent to 100 mg/kg/day 
based on the weight of the hamsters and their diet consumption. Upon completion of the test period, the an- 
imals were bled and serum cholesterol determined as above. 



Protocol: 
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Test Results: 



Mean serum cholesterol values from the test hamsters were compared to values from the control group 
and tested for significance at the ^.05 level using DunnetTs test. The results are displayed In Table I below: 



TAPLB 31 

Percent Lowering of 
Serum Cholesterol Cholesterol from 
(mg/dL Control Value* 



Test 


Mean 


± SBM 


Mean 


± SBM 


Compound 












337 


11 


0.0 


3.1 


(1) 


163 


9 


51.8 


2.7** 


(2) 


171 


5 


49.2 


1.6** 




181 


15 


46.3 


4 .4** 


(4 ) 


198 


11 


41.4 


3 .4** 


(5) 


202 


13 


40.2 


3 . 8** 


(6) 


209 


13 


38.0 


4.0** 


(7) 


209 


15 


38.0 


4.4** 


(8) 


210 


14 


37.8 


4 .2** 


(9) 


222 


13 


31.2 


4.0** 


(10) 


234 


12 


30.7 


3.4** 


(11) 


240 


30 


28.8 


8.8** 


(12) 


245 


14 


27.4 


4.0** 


(13) 


253 


24 


25.1 


7.0** 


(14) 


259 


47 


23.2 


5.6 


(15) 


261 


6 


22.6 


1.9 


(16) 


267 


22 


20.8 


6.4 


(17) 


269 


23 


20.2 


6.8 


(18) 


309 


17 


8.6 


5.1 


(19) 


312 


23 


7.5 


6.7 


(20) 


328 


37 


2.7 


11.1 


(21) 


330 


19 


2.0 


5.7 


(22) 


345 


28 


-2.4 


8.2 


(23) 


364 


26 


-7.8 


7.7 


(24) 


422 


42 


-25.0 


12.3 


(25) 


464 


22 


-37.4 


6.4 



♦negative values indicate serum cholesterol increased 
relative to control. 

**differ from control value by Dennett Test at pSO.05 



Compound Identification for Table 2: 
4a-allcyl-5-cholestan-3a-ol 
[4a.5aH-(2-propenyl)cholestan-3a-ol 
4a-(4-fluorobenzyl)cholestan-3a-ol 
(3a,4a,5a,20p)-4-(2-propenyl)cholestan-3-ol 
4a-benzylcholestan-3-one 
(2a.3a,5a>-2-(2-propenyl)cholestan-3-ol 
4a(4-trifluoromethoxyben2yl) cholestan-3a-ol 
[4a(E),5aH-92-butenyl)cholestan-3a-ol 
(3a,4a.5a,20P)-4-Pfopylcholestan-3-o! 
(3a,4o>-17-[4-(methylpentyl)oxyH-(2-propenyl)androslan-3.ol 

4a-(4-iodobenzyl)cholestan-3a-ol 
(3p,4a,5aH-(2-butenyl)cholestan-3-ol 
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(3a,4a)-4-(2-propenyl)cholestane-3.20-diol 

(3a,4a,5a)-4-(3.3-dlbromo-2-propenyl)cholestan-3-ol 

4a-(4-hydroxybenzyl)cholestan-3a-ol 

4a-4-(2-propenyl)cholestan-3-one 

(3p.4a.5aH-(2-propenyl)cholestan-3-ol 

(3a,4a>-1 7-(phenylmethoxyH-(2-propenyl)androstan-3-ol 

4a-benzylcholestan-3-one 

(3a,4a.5a)-4-(2-propenyl)cholestan-3-ol octadecanoate 4-(2-propeny1)cholestarv3.one 
(3p,4a,5ai0pH-{2-propenyl)cholestan-3-amine 

N-[(3a,4a.5a.20p)-4-(2-propenyl)cholestan-3-yl)acetamide5a-cholestarv3a-ol 
(3a.4a.5a.20pH-(2-propeny1)cholestan-3-amine 

EXAMPLE T-3 

Monkey PBot Study of the Compound of Example 5 for Changing Plasma Cholesterol Levels 
Objective: 

To study the effect in short term lowering of plasma cholesterol concentrations in African green monkeys. 
Method: 

Six African green monkeys were given a hypercholesterolemic diet containing 16.4% lard and 0.33% chol- 
esterol for two vtfeeks to establish a baseline cholesterol level. Thereafter, two daily doses of [14a.5a]-4-(2- 
propenyl)cholestan-3a-ol, the compound of Example 5. were administered in their feed at 25 mg/kg/day total 
daHy dosage. After ten days the drug dose was increased to 50 mg/kg/day for an addittonal 3 weeks, followed 
by a washout period when no drug was administered and the hypercholesterolemic diet was maintained. Blood 
samples were drawn on the days indicated and plasma was prepared for analysis. Cholesterol was determined 
by standard enzymatte techniques{method of Allain et al., using diagnostics high performance Cholesterol Re- 
agent No. 236691, product of Boehringer Mannheim Co.. Indianapolis. Indiana USA). 

Results: 

Test results as shown in Tables 3(a) and 3(b) below: 
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Table 3(al 



10 



IS 



20 



25 



30 



35 



40 





Animal 


Day 


Day 


Day 


Day 


Day 


Day 




No. 


-12 


-5 


0 


5 


8 


4 


Dose^ 




none 


none 


none 


25 


25 


50 


1 


270 


280 


275 


268 


208 


184 


2 


363 


400 


382 


411 


386 


878 


3 


182 


185 


183 


175 


172 


155 


4 


197 


190 


194 


182 


184 


159 


5 


208 


202 


205 


189 


174 


148 


6 


254 


295 


275 


252 


249 


211 


Mean 


246 


258 


252 


244 


226 


205 




27 


34 


31 


36 


35 


36 




Table 3lbl 



Animal 
No. 

Dose^ 


Day 
12 


Day 
20 


Day 7 
Washout 


Day 14 
Washout 


Day 21 
Washout 


1 


172 


188 


209 


226 


270 


2 


276 


314 


251 


311 


344 


3 


159 


143 


165 


176 


193 


4 


169 


161 


192 


159 


168 


5 


157 


142 


174 


173 


216 


6 


206 


206 


200 


213 


246 


Mean 


190 


192 


199 


210 


240 


SEm2 


19 


26 


12 


23 


26 



^Dose in mg/kg/day 
^SEMsStandard Error of the Mean 



45 



Conclusions: 

The responses in tliis pHot study showed that (4o.5a]-4-(2-propenyl)cholestan-3a-ol was effective in low- 
ering plasma cholesterol levels in the animal model used. 

As noted above, the compounds of the present invention are useful for upregulaBng LDL receptor synthesis 
at the chromosomal level and lowering serum cholesterol levels. The term -uprBgulating' means the presence 
of a compound of Formula I In a mammal increases the rate at which RNA polymerese can bind to the beginning 
of the gene that codes for LDL receptors and initiate the synthesis of the mRNA for said LDL receptors. The 
higher amounts of LDL receptor mRNA leads, in turn, to correspondingly more LDL receptors. It is not clear 
whether this upregulation occurs by derepressing LDL receptor synthesis, inducing LDL receptor synthesis. 
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relieving attenuation, removing a ligand responsible for end product repression or by some combination of these 
means. Afurther embodiment of the present invention is a method of upregulating LDLreceptor synthesis conrv 
prislng administering to a mammal in need of treatment an LDL receptor synthesis upregulating dose of a oonrv 
pound of Formula I or a pharmaceuticany acceptable salt or solvate thereof. Another embodiment of the pres- 

5 ent invention Is a method for lowering serum LDL cholesterol levels comprising administering to a mammal In 
need of treatment, a serum LDL cholesterol lowering dose of a compound of Formula I or a pharmaceuticaily 
acceptable salt or soh^ate thereof. A further embodiment of the present Invention comprises administering to 
a mammal in need of treatment an atherosclerosis inhibiting dose of a compound of Formula I or a pharma- 
ceuticaily acceptable salt or solvate thereof. A still further embodinrwnt of the invention is the use of the conv 

10 pounds of the invention to effecLtransfer of cholesterol from HDL partides to LDL particles. 

The term "effective airxMinf as used herein, means an amount of a compound of the present invention 
which is capable of upregulating LDL receptor synthesis and lowering serum LDL cholesterol levels and/or in- 
hibiting atherosclerosis. The upregulation of LDL receptor synthesis, serum LDUcholesterol lowering and 
atherosclerosis inhibiting methods contemplated by the present invention includes both medical therapeutic 

f5 and/or prophylactic treatment, as appropriate. A specific dose of a compound administered according to this 
Invention to obtain therapeutic and/or prophylactic effects will, of course, be determined by the particular cir- 
cumstances surrounding the case, including, for example, the compound administered, the route of adminis- 
tration and the condition being treated. A typical daily dose will contain a non-toxic dosage level of from about 
0.01 mg/kg to about 50 mg/kg of body weight of an active compound of this invention. Preferred dafly doses 

20 generally will be from about 0.05 mg/kg to about 20 mg/kg and kjeally from about 0.1 mg/kg to about 10 mg/kg. 
The compounds can be administered by a variety of routes Including oral, rectal, transdermal, subcutane- 
ous, intravenous, intramuscular, and intranasal. The compounds of the present invention are preferably for- 
mulated prior to administration. Therefore, another embodiment of the present Invention is a pharmaceutical 
formulatfon comprising an effective amount of a compound of Formula I or a pharmaceuticaily acceptable salt 

25 thereof and a pharmaceuticaily acceptable carrier, diluent or excipient therefor. 

The active ingredient In such formulations comprises from 0.1% to 99.9% by weight of the formulatton. By 
•pharmaceuticaily acceptable" it is meant the carrier, diluent or excipient must be compatible with the other 
ingredients of the formulation and not deleterious to the recipient thereof. 

The present pharmaceutical formulations are prepared by known procedures using well known and readily 

30 available Ingredients. In making the compositions of the present invention, the active ingredient will usually 
be admbced with a carrier, or diluted by a carrier, or enclosed within a carrier which may be in the form of a 
capsule, sachet, paper or other container. When the carrier serves as a diluent It may be a solid. semi-sdW 
or liquid material which acts as a vehicle, excipient or medium for the active ingredient Thus, the compositions 
can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, sol- 

35 utfons, syrups, aerosols, (as a solid or in a liqukJ medium), ointments containing, for example, up to 10% by 
weight of the active compound, soft and hard gelatin capsules, suppositories, sterile Injectable solutfons, sterile 
packaged powders, and the like. 

The pharmaceutical compositions containing the active ingredient may be In a form suitable for oral use. 
for example, as tablets, troches, lozenges, aqueous or oily suspensfons. dispersible powders or granules, emul- 

40 sk>ns, hard or soft capsules, or syrups or elbcirs. 

Compositions intended for oral use may be prepared according to any method known to the art for the 
manufactuere of pharmaceutical composittons and such compositfons may contain one or more agents select- 
ed from the group consisting of sweweetning. flavoring, coloring and preserving agents in order to provide phar- 
maceuticaily platable preparations. Tablets containing the active ingredients in admixture with non-toxic phar- 

45 maceutically aceceptable exdpients which are suitable for the manufacture of tablets. These excipients may 
be. for example, inert diluents, such as calcium cart)onate. sodium carbonate, lactose, calcium phosphate or 
sodium phosphate; graulating and disintegrating agents, for example, maize, starch, or alginic acid; binding 
agents, for example starch, gelatin or acacia, and lubricating agents, for example, magnesium stearage, stearic 
acid, or talc. The tablets may be uncoated or they may be coated by known techniques to delay disintegration 

so and absorption In the gastointestinal tract and thereby provWe a sustained action over a longer period. 

The compounds of formula (I) may also be administered in the form of suppositories for rectal administra- 
tion of the drug. These compositions can be prepared by mixing the drug with a suitable non-irritating excipient 
which is solid at ordinary temperatures but liquid at the rectal temperatu.^. Such materials are cocoa buter 
and polyethylene glycols. 

55 The following formulation examples are illustrative only and are not intended to limit the scope of the in- 

vention in any way. "Active ingredient" of course, means a compound according to Formula I or a pharma- 
ceuticaily acceptable salt thereof. 
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Formulation 1 



Hard gelatin capsules are prepared using the following ingredients: 





Quantity (mg/capsule) 


Active ingredient 


250 


Starch, dried 


200 


Magnesium stearate 


10 


Total 


460 mg 



Formulation 2 





Quantity (mg/capsule) 


Active ingredient 


250 


Cellulose, microcrystalline 


400 


Silicon dioxide, fumed 


10 


Stearic acid 


5 


Total 


665 mg 



The components are blended and compiessed to form tablets each weighing 665 mg 
Formulation 3 





Weight 


Active ingredient 
Ethanol 

Propellant 22 (Chlorodif luoromethane) 
Total 


0^5 
25.75 
70.00 


100.00 



The active compound is mixed withethanolandthembcture added toaporbonrtttepiopda^^ 
to -30«C and transferred to a filling device. The required amount is then fed to a stainless steel container and 
diluted with the remainder of the propellant The valve units are then fitted to the container. 

Formulation 4 

Tablets, each containing 60 mg of active ingredient, are made as follows: 
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Active ingredient 


60 mg 


Starch 


45 mg 


Microcrystalline cellulose 


35 mg 


PolyvinylpyrfDiidone (as 10% solution in water) 


4mg 


Sodium cartwxyniethyl starch 


4.5 mg 


Magnesium stearate 


0.5 mg 


Talc 


1 mg 


Total 


150 mg 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thor- 
ns oughly. The aqueous solution containing polyvinyl-pyrrolidone is mixed with the resultant powder, and the mix- 
ture then is passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50*C and passed 
through a No. 1 8 mesh U.S. Sieve. The sodium carkwxymelhyl starch. nr«gnesium stearate and talc, previously 
passed through a No. 60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed 
on a tabiet machine to yield tatilets each weighing 150 mg. 

20 

Formulation 5 

Capsules, each containing 80 mg of active ingredient, are made as follows: 



Active ingredient 


80 mg 


Starch 


59 mg 


Microcrystalline cellulose 


59 mg 


Magnesium stearate 


2mg 


Total 


200 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 45 
mesh U.S. sieve, and f Bled into hard gelatin capsules in 200 mg quantities. 

35 

Formulation 6 



Suppositories, each containing 225 mg of active ingredient, are made as follows: 



40 


Active ingredient 


225 mg 




Saturated fatty add glycerides 


2.000 mg 




Total 


2.225 mg 



45 The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mixture is then poured into a sup- 
pository nrK)ld of nominal 2 g capacity and allowed to cool. 

Formulation 7 

50 

Suspensions, each containing 50 mg of active ingredient per 5 ml dose, are made as follows: 



55 
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30 



Active ingredient 


50 mg 


Sodium carboxymethyl cellutose 


50 mg 


Syrup 


1^5 ml 


Benzoic acid solution 


0.10 ml 


Ravor 


q.v. 


Color 


q.v. 


Purified water to total 


5ml 



The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed wHh the sodium carboxy- 
methyl cellulose and syrup to form a smooth paste. The benzoic add solution, flavor and color are diluted with 
a portion of the water and added, with stirring. Sufficient water is then added to produce the required volume. 

Formulation 8 

An intravenous formulation may be prepared as follows: 



20 


Active ingredient 


100 mg 




Isotonic saline 


1.000 ml 



The solution of the above ingredients generally is administered intravenously to a subject at a rate of 1 ml 

^ The'ttvention may be embodied in other specific forms without departing from the spirit or essential char- 
acteristics thereof. The present embodiments are therefore to be considered in all respects as Ulustrabve and 
not restrictive, the scope of the invention being indicated by the appended claims rather than by the foregoing 
description, and all changes which come wfthin the meaning and range of equivalency of the chaims ate there- 
fore intended to be embodied therein. 



Claims 



35 1. A compound having the formula (I) or a pharmaceutically acceptable salt thereof; 



40 



45 



SO 




55 



wherein: 

Ri is a straight chain CrC4 alkyi or C1-C4 halo alkyli 

R2 is hydrogen, methyl, or halomethyl; 

R3 is hydrogen. CrCe alkyl. Ci-Ce haloalkyi, or a group 
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where R« is hydrogen, halo. C1-C4 alkyl. C1-C4 haloalkyi C2-C4 alkenyl, or CrC* haloalkenyl; 
R7 js hydrogen, methyl, halomethyl, or halo; or 

R« and R7 are combined with the carfc>on atoms to whfch they are attached to form a substituted 
or unsubstituted CrCe cydoalkenyl, substituted orunsubstituted Cs-C, cydoalkadienyl, substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R6 is hydrogen, methyl, halomethyl. or halo; 

R* is hydrogen. =C-X^. -CH2CH=Cp(*)2. substituted benzyl, or -(CH2)„-X^ where n = 1 to 6. and 
is independently hydrogen, -OH. CrCe alkyl, Ci-Ce haloalkyi. CrCe alkoxy. Ci-Ce haloalkoxy. substituted 
or unsubstituted phenyl, substituted or unsubstituted phenoxy, substituted orunsubstituted benzyloxy.hak> 
-SH. or -S(Ci-C4 alkyl), or monocyclic heterocyclic ring; 

R5 is the group 

.A-Z.R^«-X» 

where 

A is a bond. -0-. -CHj-. -CH(CHs)-. -CKKCHjCH,)-. .CH(halo)-, -C(halo)r. or 

CH3 

— c_ 

OH 

and 

Z is a bond. -O-. -CHr. -CH(CH,)-. -CHCCHaCHs)-. -CH(halo)-. -C(halo)r. or 

CHa 

— c— 

OH 

provided that only one of A and Z are -O-. -CHCCHj)-. -CH(CH2CH3}-.-CH(halo)-. -C(halo)r. or 

CH3 

OH 



RIO is 

(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C1-C12 alkane, 
or 

(ii) a divalent unsubstituted or substituted, branched or unbranched, unsaturated radical derived from 
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where the substituents of (i) and (ii) are one or more of I he same or different hydroxy, -CH2N(alkyl)2, 
acetamldo, substituted amino, amino, mercapto. -S{Ci-Ce alkyi). halo, or two adjacent cart>on atoms may 
each be bonded to the same oxygen atom to afford an epoxide; 

X3 is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or un- 
substituted or substituted benzyloxy, halo, haloalkyl. OH, -SH. -S(CrC8 alM). -CF3. -CN, CrCe alkenyl, 
-0C{F)3, CrC, alkoxy. -C(0)Ci-C4 alkyl. -C(0)(C2-Ce alkenyl) -CHO. -COOH, -COO(CrC4 alkyi). 
-NR"R^2^ -C(0)NR"R^2 ^here R" and R12 are Independently hydrogen or C1-C4 alkyl; 

R« is hydrogen, provided the steroid nucelus is saturated, or R« Is absent when the nucleus is 
unsaturated at the 4,5 or 5,6 position; 

is hydroxy, acyioxy, amino, acetamWo. substituted amino, mercapto, =0, or (CrC4 alkoxy)car- 

bonyloxy; and 

each X2 is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; 
halo, hydrogen; or halo, halo. 

The compound as claimed in daim 1 or a pharmaceutfcally acceptable salt thereof wherein; 
Ri is a straight chain C1-C4 alkyl; 
R2 Is hydrogen or methyl; 

is hydroxy, amino, meroapto, O, acetamldo. or (C1-C4 alkoxy)cart>onyloxy; 
each X2 is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; or hydrogen, mercapto; 
R3 is hydrogen, Ct-C« alkyl or a group 



/ 

HC H r6 



HC 



R6 is hydrogen. C1-C4 alkyl or C2-C4 alkenyl; 
R7 is hydrogen or methyl; or 

R« and R^ are combined with the carbon atoms to which they are attached to form a substituted 
or unsubstituted Cg-Ce cydoalkenyl, substituted or unsubstituted Cg-Ce cydoalkadienyl, substituted phenyl 
or unsubstituted or substituted heterocydk; ring; 

R^ is hydrogen or =CH.X* where X* Is hydrogen. OH. Ci-Ce alkyl, Ci-Ce alkoxy. substituted or un- 
substituted phenyl, substituted or unsubstituted phenoxy, substituted or unsubstituted benzyloxy or a ni- 
trogen containing heterocydic ring. 

R6 is a group 

-ArZ-R^«-X* 

where 

A is a bond. -0-, -CHj-, -CHCCHa)-. or -CHCCHaCHa)-; 
Z is a bond. -0-, -CHr. -CH(CH3)-. or -CH(CH2CH3)-; 

Rw is unsubstituted or substituted Ct-C,2 alkyl where the substituents are 1 or 2 of the same or 
different hydroxy, amino, mercapto. halo or two adjacent carbon atoms may each be bonded to the same 
oxygen atom to afford an epoxkJe; unsubstituted or substituted C2-Ci2 alkenyl where the substituents are 
1 or 2 of the same or different hydroxy, amino, mercapto or halo; 

X3 is hydrogen, halo. OH. -CF3. -CN. Cj-Ce alkenyl. -OCF3. C,-C4 alkoxy. -C(0)CrC4 alkyl. 
-C(0)(CrC6 alkenyl) -CHO, -COOH. -COO(Ci-C4 alkyl). -NR"R«. -C(0)NR"R« where R" and R« are 
independently hydrogen or CrC4 alkyl. unsubstituted or substituted phenyl, unsubstituted or substituted 
phenoxy or unsubstituted or substituted benzyloxy; and pharmaceutically acceptable salts thereof; pro- 
vkJed that only one of A and Z are -0-, -0(0)-, -CHCCHj)- or -CHCCHzCHa)-. 

A compound as daimed in daim 1 or its pharmaceutically acceptable salt represented by having the for- 
mula IV 
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wherein: 

Ri is a straight chain C1-C4 alkyi or 0,-04 halo alkyl; 
R2 is hydrogen, methyl, or halomethyl; 
Rs is the group 

-Ar2-Ri«-X3 

where ^ . ^ 

A is a bond, -CHr. -CHCCHa)-, -CH(CH2CH3)-. -CH(halo)-, .C(haIo)r. or 



CH3 
-C — 

I 

OH 



and 

Z is a bond. -0-. -CHr. -CH{CH3)-. -CH(CH2CH3)-. -CH(halo)-. -CHhalofe-. or 

CH3 

— c_ = 

OH 

provided that only one of A and Z are -0-. -CHCCHj)-. -CH(CH2CH3)-.-CH(halo)-. -C(halo)2 -. or 

CH3 

_p ; 

OH 



R^o Is 

(i) a divalent unsut)stituted or substihrted. branched or unbranched radical derived from a CrCiz alkane. 
or 

(ii) a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from 
a Or C12 alkene, 

where the substituents of (i) and (il) are one or more of the same or different hydroxy. -CH2N(alkyl)2. 
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substituted amino, amino, mercapto. ^(CrCe alkyi). halo, or two adjacent carbon atoms may each be 
bonded to the same oxygen atom to afford an epoxide; 

is hydrogen unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or un- 
substituted or substituted benzyloxy. halo, hatoalkyl. OH. -SH. -8(0,-06 alkyI). -CF3. -ON. CrCe alkenyl. 
-0C(F)3. 0,-04 alkoxy. -0(0)0,-04 alkyl. -0(0)(0r06 alkenyl) -OHO. -OOOH. -000(0,-04 alkyI). 
.|sjpiipi2 .C(0)NR"R^2 where R^^ and R^2 are independently hydrogen or O1-O4 alkyt; 

X^'is hydrogen. -OH. 0,-00 alkoxy. substituted or unsubstituted phenoxy. substituted or unsubsti- 
tuted benzyloxy or -NRW where R« and R» are Independently hydrogen or 0,-04 alkyl or combine with 
the nitrogen atom to which they are attached to form a substituted or unsubstituted nitrogen containing 
heterocyclic ring. 

A compound as claimed In daim 1 having the formula (II) or a pharmaceutfeally acceptable salt thereof; 




wherein: 

W is a straight chain 0,-C4 alkyl or 0,-04 halo alkyl; 

R2 is hydrogen, methyl, or halomethyl; 

R3 is hydrogen. 0,-06 alkyl. 0,-06 haloalkyl. or a group 




where. R« is hydrogen, halo. 0,-04 alkyl. 0,-04 haloalkyl. O2-O4 alkenyl. or 0^04 haloalkenyl; 
R7 is hydrogen, methyl, halomethyl, or halo; or 

R» and R7 are combined with the carbon atoms to which they are attached to form a substituted 
or unsubstituted Ob-Ob cydoalkenyl. substituted or unsubstituted Os-Oe cydoalkadienyl. substituted phenyl 
or unsut>stituted or substituted heterocydic ring; 

R8 is hydrogen, methyl, halomethyl, or halo; 

R4 is hydrogen. -OH20H=0(X^)2. substituted benzyl, or -(0H2)„-X* where n = 1 to 6, and X^ is in- 
dependently hydrogen. -OH. 0,-06 alkyl. C,-Ce haloalkyl, 0,-06 alkoxy. 0,-06 haloalkoxy, substituted or 
unsubstituted phenyl, substituted or unsubstituted phenoxy. substituted or unsubstituted benzyloxy. -OH. 
-SH, or -S(0,-04 alkyl),or monocydte heterocydic ring; 

Rs is the group 

-A-Z-Rw-X^ 

where 
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A is a bond, -O-, -CHr. -CH(CH3>-. -CHCCHjCHj)-. -CH(haloK -C(halo)jr. or 



OH 



and 

Z is a bond. -0-. -CHr. -CH(CH3)-. -CHCCHaCH,)-. -CH(halo)-. -C(halo)r. or 

CHa 

_|— 

OH 

provided that only one of A and Z are -0-. -CHCCHj)-. -CH(CH2CH,)-,-CH(halo)-. -C(haio)r. or 

CHa 

— c_ ; 

OH 

(i) a divalent unsubstituted or substituted, branched or unbranched radical derived from a C1-C12 alkane. 
or 

(iO a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from 
a CrCi2 alkene. 

where the substituents of (i) and (ii) are one or more of the same or different hydroxy. -CH2N(alkyl)2. 
acetamklo. substituted amino, amino, mercapto. ^(Ci-Ce all^). halo, or two adjacent carbon atoms may 
each be bonded to the same oxygen atom to afford an epoxide; 

X3 Is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or un- 
substituted or substituted benzytoxy. halo, haloalkyl. OH. -SH. -S(CrCe alkyi). -CF3. -CN. C^C^ alkenyl. 
-0C(F)3. C1-C4 alkoxy. .C(0)Ci-C4 alkyl. -C(0)(C2-Ce alkenyl) -CHO. -COOH. -COO(Ci.C4 alkyI), 
-NR"R^2^ .C(0)NR"Ri2 where R^^ and R« are independentiy hydrogen or C1-C4 alkyl; 

R« is hydrogen, provided the steroid nucelus is saturated, or R« is vacant when the nucleus is 
unsaturated at the 4,5 or 5,6 position; 

is hydroxy, acyloxy. amino, acetamido. substituted amino, mercapto. or {C1-C4 alkoxy)cart)ony- 

loxy;and 

X2 is independentiy oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; halo, 
hydrogen; or halo. halo. 

A compound as claimed in daim 1 and its pharmaceutically acceptable salts, wherein said compound is 
selected from the group consisting of: 

[4a(E).5ah4-(2-butenyl)cholestan-3aol. 

[4a,5a]-4-(2-propenyl)cholestan-3a-ol , 

[4a(E),5al-4-(2-butenyl)-25-hydroxycholeslan-3a-ol. 

[4a.5a]-4-butylcholestan-3a-ol. 
[4a(E),5a}-4-(2-butenyl)-3o aminocholaetane, 
[4a{E),5a>4-(2-butenyl)-3a acetamidocholestane, 
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[4a(E),5aH-(2-butenyl)-3p acetamidocholestane, 4o-(4.fluorobenzyl)cholestaiv3a-ol. 

4a-(4-brofnobenzyl)cholestan-3a-ol, 

4a-(4-todobenzyt)cholestan-3a-ol. 

4a-(4-tnfluoromethy1benzyl)cholestan-3a-ol. 

4a-(4-dichlorobenzyl)cholestan-3a-ol, 

4a-<4-cyanoberizyl)cholestan-3a-ol, 

4a-(4-methoxycarbonylben2yl)choleslarv3a-ol. 

4a-(4-trifluoromethoxybenzyl)cholestan-3a-ol, 

4a-(4-chlorobenzyl)cholestan-3a-ol. 

4a-(4*b6nzyloxybenzyl)cholestaiv3a-ol. 

4a-(4-hydroxyinethylbenzyl)cholestan-3a-ol. 

4a-(4-carboxybenzyl)cholestan-3a-o!. 

4a-(4-hydroxybenzyl)cholestan-3a-ol, 

4a-benzyM-cholestan-3a-ol. 

4a-(2-propenyl>-5-cholestan-3a-ol, 

4a-(2-propenyl)-cholan-24-N.N-dlinethylamlno-3a-ol, 

3a. 12a-dihydroxy-26-azacoprostane, 

3a-hydroxy-25-azacopro5tane, 

3a» 7a-dihydroxy-25-azaGopro6tane. 

3a,7a. 12a-trihydroxy-25-azaooprostane, 

3a,7a. 12a-dihydroxy-25-azacoprostane, 

(3a.4a, 5a)-17-(pentyioxyH-(2-propenyl) androstan-3-ol , 

(3a.4a, 5a)-17-(octyloxy)-4-(2-propenyl) androstan-3-ol , 

(3a.4a)-17-[4-methylpentyl(oxyl-4.(2-propenyl) androstan-3-oI , 

(3a,4a)-17-(3-phenylpropoxy(oxyH-{2-propenyl) androstan-3-ol , 

(3a,4a)-17-(pheny1methoxy)-4-(2-propenyl) androstan-3-oI , 

(3a.4a)-17-[(4,4-dimethylpentyi)oxyH-(2-propenyl) androstan-3-ol . 

2-(hydroxymethylene)-4a-{2-propenyl)cholestan -3-one. 

(2a,3a,5a)-2-(2-propenyl)cholestan-3-ol 

3p,4a,5a.20PH-(2-propenyl)cholestan-3-ol 

N-I(3a.4a,5a20p>-4-(2-propenyl)cholestan-3-61]acelamide, 

(3a.4a,5a.20p>-4-(3,3-difluoiro-2-propeny1) cholestan-3-ol 

(3a.4<x,5a,20p)-4-(2-propenyl)cholestan-3-amine 

(3a.4a,5a,20p>-4-propylcholestan-3-ol 

(3a,4a)-4-(2-methyl-2-propenyl)cholestan-3-ol 

(3a.4a)-4-(2-chloro-2-propenyi)cholestan-3-ol 

(3a.4a)-4-(2-bromo-2-propenyl)cholestan-3-ol. 

(3a.4a. 24RH-(2-propenyl>-24-(ethyi)cholestan-3-ol, and 

(3o, 4a. 22E. 24R)-4-(2-piopenyl)-24-(ethyl)cholest-22-en-3-ol. 

A pharmaceutical formulation comprising; a compound as dain^d in any one of daims 1 to 7. together 
with a pharmaceutically acceptable carrier or diluent therefor. 

A multi-mode pharmaceutical composition comprising: 

(1) a compound as daimed in any one of daims 1 to 7; 

(2) a cholesterol and/or lipid control agent selected from the group consisting of: 

(a) bOe acid sequestrants, 

(b) nicotinic add and its derivatives, 

(c) HMG-CoA reductase inhibitors, 

(d) gemfibrozil and f ibric acids. 

(e) probucol. 

(f) raloxifene and its derivatives, and 

(g) mixtures thereof; and 

(3) optionally; diluents, carriers or exdpients. 

A compound of formula (I) as daimed in any one of daims 1 to 7, or a pharmaceutically acceptable salt 
thereof for use in lowering serum LDL cholesterol. 
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A process for preparing a compound having the formula (I) or a pharmaceutlcally acceptable salt thereof; 




wherein: 

Ri is a straight chain C1-C4 alkyi or C1-C4 halo alkyl; 

R2 is hydrogen, methyl, or halomethyl; 

R3 Is hydrogen, d-Ce alkyl. Ci-Ce haloalkyl. or a group 



\ / 



where is hydrogen, halo. C1-C4 alkyl. CrC4 haloalkyl. C^C^ alkenyl. or C^-C^ haloalkenyl; 
R7 is hydrogen, methyl, halomethyl. or halo; or 

Re and R^ are combined with the carbon atoms to which they are attached to form a substituted 
or unsubstituted C^Ce cydoalkenyl, substituted or unsubstituted Cg-Ce cydoalkadienyl. substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R8 Is hydrogen, methyl, halomethyl. or halo; 

R4 is hydrogen. =C-X*, -CH2CH=C{X*)2. substituted benzyl, or -(CHJn-X^ where n = 1 to 6. and 
is Independently hydrogen. ^H. Ci^e alkyl. CrC, haloalkyl. Ci-Ce alkoxy, Ci-Ce haloalkoxy; substituted 
or unsubstituted phenyl, substituted or unsubstituted phenoxy, substituted or unsubstituted benzyloxy.halo 
-SH. or -S{CrC4 alkyl). or monocyclic heterocyclic ring; 

R6 is the group 

-A-Z.R10-X3 



where 



A is a bond. -O-, -CHr. -CH(CH3)-. -CHCCHzCHa)-. -CH(halo)., -C(halo)r. or 



CH3 
C — 

I 

OH 



and 
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10 



IS 



20 



25 



30 



Z is a bond. -0-. -CHr. -CHCCHa)-. -CHiCHaCHa)-, -CH(halo)-. .C(halo)r. or 



CHa 



T 



OH 

provided that only one of A and Z are -0-. .CH(CH3)-. -CH(CH2CH3)-.-CH(halo)-. -C(halo)r. or 

CH3 



OH 



RIO is 

(i) a divalent unsubstituted or substituted, branctied or unbranched radical derived from a C,-C« allone, 
or 

(ii) a divalent unsubstituted or substituted, branched or unbranched, unsaturated radical derived from 

^ ^here^he subst'i^ of (i) and (ii) are one or more of t he same or different hydroxy. -CH2N(alkyl)2. 
acetamido. substituted amino, amino, mercapto. ^{CrCe alM). halo, or ivfo adjacent carbon atoms may 
each be bonded to the same oxygen atom to afford an epoxide: 

X3 is hydrogen unsubstihJted or substituted phenyl, unsubstituted or substituted phenoxy or un- 
substituted or substituted benzyloxy. halo, haloalkyl. OH. -SH. -S(CrC« alkyi). -CF3. -CN. Cz-Ce alkenyl. 
-OC(F)3. Ct-C4 alkoxy. -C(0)CrC4 alkyl. .C(0)(CrCe alkenyl) -CHO. -COOH. -000(0^04 alkyI). 
-NRi^R^^ -C(0)NR"R^2 where R" and R« are independently hydrogen or C1-C4 alkyl; 

R" is hydrogen, provided the steroid nucelus is saturated, or R« is absent when the nucleus is 
35 unsaturated at the 4.5 or 5.6 position; ,t. . 

is hydroxy, acyloxy. amino, acetamido. substituted amino, mercapto. =0. or {C,-C4 alkoxy}car- 

bonyioxy;and ^ ^ . 

each X2 is independently oxygen; hydrogen, hydrogen; hydrogen, hydroxy; hydrogen, mercapto; 

halo, hydrogen; or halo. halo. 
40 which process comprises sequential steps (i). (ii) and (iii). wherein; 

step (i) is the readton of a 4-cholesten-3-one with a secondary amine, 
step (ii) Is alkylation and hydrolysis of the reaction product of step (i), and 
step (iiO is reduction of the reaction product of step (ii). 

45 10. A process for preparing a compound having the formula (III) or pharmaceutically acceptable salt thereof; 



so 
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n 





R2 


[2 


jlO 


b 






\, R'3 
H 



wherein; 

Ri is a straight chain C1-C4 alkyi or 0,-04 halo allcyl; 

R2 is hydrogen, methyl, or halomethyl; 

R3 is hydrogen, Ci-Ce alkyl. CrCe haloalkyi, a group 



Re is hydrogen, halo. CrC4 allcyl. C,-C4 haloaikyi, C2-C4 alkenyl. or C2-C4 haloalkenyl; 
R7 is hydrogen, methyl, halomethyl, or halo; or 

R6 and W are combined with the carlwn atoms to whteh they are attached to form a substituted 
or unsubstituted Cs-Ce cydoalkenyl. substituted or unsubstituted Cg-Cs cydoalkadienyl. substituted phenyl 
or unsubstituted or substituted heterocyclic ring; 

R8 is hydrogen, methyl, halomethyl, or halo; 

RB is the group 

-A-Z-R^o-x3 



where 



A is a bond. -0-. -CH2-, -CH(CH3)-. -ChKCHzCHa)-. -CH{halo)-, -C(halo>2r. or 




and 

Z Is a bond, -O-. -CHj-. -CHCCHa)-, -CHCCHzCHa)-, -CH(halo)-, -C(halo)r. or 
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-C — 



OH 

provided that only one of A and Z are -0-. -CHCCH,)-. -CH(CH2CH,)-.-CH(halo)-. -C(halo)r. or 

CHa 



T 



OH 

pio is 

(i) a divalent unsubstituted or sulwlituted. branched or unbranched radical derived from a CrC« alkane. 
a divalent unsubstituted or substituted, branched or unbranched. unsaturated radical derived from 

whCTe the substituents of (I) and (ii) are one or more of the same or different hydroxy, -CH2N(alkyl)2. 
acetamido. substituted amino, amino, mercapto. -S(C,-Ce alM). halo, or two adjacent caifoon atoms may 
each be bonded to the same oxygen atom to afford an epoxide; 

X3 is hydrogen, unsubstituted or substituted phenyl, unsubstituted or substituted phenoxy or un- 
substituted or substituted benzyloxy. halo, haloalkyl. OH. -SH. -S(C,-C. alkyi). -CF,. "CN. Cr-C, alkenjj. 
.OC(F)3. C,-C. alkoxy. -C{0)C,-C4 alkyi. -C(0)(CrC, alkenyl) -CHO. -COOH. -COO(C,-C. alkyI). 
-NR"R«. -C{0)NR«R« where R" and R« are independently hydrogen or C1-C4 alkyl; 

X* is hydroxy, and 

R13 Is hydrogen. 

which process comprises sequential steps (i) and (ii) wherein; 
step (0 is a reductive alkylating of a 4-cholesten-3-one.as shown by the reaction sequence IX. and; 
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